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A new thermocouple Vacuum Gauge announced by CVC 


It is the CVC type TG-029, single-station unit. 
Designed around a printed circuit, the CVC instru- 
ment is compact, portable, and priced consider- 
ably lower than the previous single-station model. 


Its outstanding features include— 


@ No compensating adjustments—just plug it 
into a 115-volt outlet and turn ‘‘on’’ the power 
switch. 


@ Measures the total pressure of condensable 
vapors and permanent gases. 


e@ Is not harmed by exposure to atmospheric 
pressure. 

@ One direct reading meter scale covers the 
range from 1 to 1000 microns Hg. 


The gauge tube is also mew—it's the type TG-77 
which is rugged, less subject to organic vapor con- 
tamination, and its electrical characteristics do 
not vary appreciably from one tube to another. 
The TG-029 is the latest addition to a complete 
line of CVC Thermocouple Gauges including the 
battery-operated, single-station unit type TG-025; 
the ome-to-six station unit type TG-09; and the 





automatic control unit type TG-010 which actuates 
a double-pole, double-throw relay at any prede- 
termined pressure. 

Fer information on these and other CVC Vac- 
uum Measuring Gauges, write Consolidated Vac- 
uum Corporation, Rochester 3, N. Y. (a subsidiary 
of Consolidated Engineering Corporation, Pasa- 
dena, California). 

Specifications 


SE ee eee .1 to 1000 microns 
Case Dimension Sis” x 675g” x 614" 
Weight......... 5 lb. 14 oz. 
Power.. 115 V. 6 cycle, AC 
23%” with 44” NPT nipple 


TG-09—One-to-six station TG-010—Single-station unit 
unit. Measures pressure at with automatic control for 
several locations within a auxiliary circuits. 

system. 


Consolidated Vacuum Corporation 





ROCHESTER 3, N.Y. 


Headquarters 


for High Vacuum sales offices: NEW YORK, N. Y. * CHICAGO, ILL. * BOSTON, MASS. * SAN FRANCISCO, CALIF. ¢ CAMDEN, N. J. 
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Advances ue Applied Radiation 


DEVELOPMENTS in the FIELD OF APPLIED RADIATION ENERGY, its APPLICATIONS and the APPARATUS USED TO PRODUCE IT 





Van de Graaff Accelerator Sterilizes Plastic Containers — 


The first high voltage electron accele- 
rator for use in the commercial steriliza- 
tion of plastic containers has been installed 
and is now operating at Maynard, Mass., 
plant of the Bradley Container Corpora- 
tion. 





The machine, a 2-million-volt Van de 
Graaff accelerator built by HIGH VOL- 
TAGE, generates a powerful beam of elec- 
trons capable of killing all bacteria within 
the polyethylene tubes and squeeze bottles 
being produced by the Bradley concern. 
Because there is virtually no heat involved 
in electron sterilization, the plastic mate- 
rial is not damaged by. the process. The 
sterile containers are packed in sealed bags 
and sent to the user who fills them under 
aseptic conditions. 

The unit also can sterilize small filled 
packages, such as tubes containing phar- 
maceuticals. 

A patented extrusion-fabrication process 
developed in Europe is used by Bradley 
in the manufacture of its containers. Pro- 
duction is now topping half a million units 
‘a week, a figure which the company ex- 
pects to quadruple before the end of the 
year. Electron sterilization, of course, is 
required for only a small proportion of 
this output at present, but demand for 
sterile packages, both unsealed and filled, 
is growing as new applications are 
developed. 


PTD 3 
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Bradley Container’s Van de Graaff is 
similar to the 2-million-volt electron ma- 
chine installed in HIGH VOLTAGE’s own 
radiation facility at its plant in Cam- 
bridge, Mass. The facility is completely 
equipped with radiation room, conveyor 
system, control room and product prep- 
aration room. This facility is available to 
industry on an hourly rental basis and has 
already been used by more than 80 com- 
panies for their exploratory work in elec- 
sterilization, polymerization, cross- 
other radiation processing 


tron 
linking and 
applications. 

The accelerator at the Bradley plant is 
the first high voltage electron beam sterili- 
zer to be used in commercial packaging — 
an industry in which the Van de Graaff ac- 
celerator is expected to find wide future 
application. 








Radiation-Sterilized 
Plastic Tubing Introduced — 


The first electron-sterilized plastic tub- 
ing available commercially was offered for 
sale last month by the Clay-Adams Com- 
pany, Inc., New York manufacturer of 
medical and surgical equipment and sup- 
plies. The new product is marketed under 
the Clay-Adams registered tradename of 
“Intramedic” Polyethylene Tubing. Avail- 
able in convenient lengths, the tubing is 
packaged in sterile sealed plastic en- 
velopes. The whole package is irradiated 
in One operation by passing it through a 
beam of electrons emitted by HIGH 
VOLTAGE’s 2-million-electron-volt Van 
de Graaff accelerator. Complete sterility 
within the envelope is achieved within a 
few seconds. HIGH VOLTAGE per- 
formed the experimental testing irradia- 
tions for Clay-Adams in its 2-million-volt 





radiation facility at its plant in Cam- 
bridge. The sterile tubing is available in 
diameters of from .038” to .075”. It is 
expected to be used primarily for the ad- 
ministration of caudal and spinal anes- 
thesia and for the intravenous injection 
of blood plasma and other fluids. 

The irradiation of this plastic tubing by 
HIGH VOLTAGE further establishes that 
complete sterilization can be accom- 
plished economically using a Van de 
Graaff as a radiation source. 

Radiation processing also is being util- 
ized by the chemical and petroleum indus- 
tries. For example, the use of electrons 
for the cross-linking and polymerization 
of plastics and other chemical products is 
a growing field. At HIGH VOLTAGE’s 
Cambridge plant, products to be irradi- 
ated are loaded on a conveyor belt and are 
carried under the scanner of the Van de 
Graaff, permitting a continuous produc- 
tion-line type of operation. As a result, 
HIGH VOLTAGE can process small pro- 
duction lots at rates up to 400 Ibs. per 
hour per megarep on a continuous basis. 
Details will be supplied upon request. 





eal 


Another Van de Graaff 
For Britain — 


The United Kingdom Atomic Energy 
Authority has ordered a 6-million-volt 
Van de Graaff particle accelerator from 
HIGH VOLTAGE. It will be installed at 
the Authority’s Atomic Weapons Re- 
search Establishment at Aldermaston, 
Berkshire, England, and used for basic 
research by the Nuclear Physics Branch. 

The huge machine stands more than 
22 feet high and completely assembled 
with pressure tank weighs over 30 tons. 
Its cost, with all accessories and equip- 
ment, is $402,700. 

HIGH VOLTAGE has manufactured 
similar accelerators for Oak Ridge Na- 
tional Laboratory, Rice University, and 
another for Columbia University which is 
now undergoing factory tests in Cam- 
bridge. The company also is making all of 
the technical and operating components of 
a 6-million-volt Van de Graaff for the 
Imperial College in London. The pressure 
tank and other heavy structural com- 
ponents for this machine are being ob- 
tained in England. 


Hicu VOLTAGE ENGINEERING CORPORATION 


7 UNIVERSITY ROAD 


CAMBRIDGE 38, MASSACHUSETTS 
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for SAFE HANDLING 


of radioactive materials... 


e Blickman-Built stainless steel laboratory equip- 
ment is designed for the safe handling of radio- 
active materials and other hazardous substances. 
Smooth, polished surfaces, generously rounded cor- 
ners and crevice-free construction assure ease of 
cleaning and decontamination. Basic designs con- 
se form to approved current techniques adopted by 
Saree ee Government laboratories and other research cen- 
ters. Variations of all standard equipment can be 
designed to meet special requirements. 


Above: LOW INTENSITY DRY BOX — Designed for the safe 
handling of radioactive materials. Also useful for work with 
bacteria, viruses and other hazardous substances. Other types of 
enclosures available include vacuum dry boxes, biological safety 
cabinets and research enclosures, and a complete interchangeable 
dry box system. 


Right: LOS ALAMOS TYPE FUME HOOD — Designed for han- 
dling of radioactive materials. Stainless steel hood construction, 
available in 4’, 8’ and 16’ lengths. Vertically-rising door controls 
air intake. Hood has built-in stainless steel sink and enamelled 
cabinet base for storage. Duct system is attached to rear of hood. 
Other types of hoods and vacuum rack enclosures available. 


q DRY RADIOACTIVE 
WASTE CONTAINER 
For safe, temporary stor- 
age of radioactive waste. 
Pressure on foot lever 
rotates cover segment in 
its own plane, with virtu- 
ally no air disturbance; 
closes automatically when 
pressure is released. Inner 
and outer pails of all- 
welded, stainless steel 
construction. Seamless sur- 
faces and rounded cor- 
ners facilitate cleaning SEND FOR BOOKLET 
and decontamination. “A Typical Radio-Chemical Laboratory” and for 

technical bulletins about specific equipment. 


S. BLICKMAN, INC. 7904 Gregory Avenue, Weehawken, N. J. 








& e 
td vilt FUME HOODS SEMI-HOT FUME HOODS ENCLOSURES 
; DRY BOXES LABORATORY TABLES SHELVING 
Seas gieet ANIMAL CAGES DRY WASTE CONTAINERS CABINETS 
amp STAI out PROCESS UNITS LIQUID WASTE CONTAINERS CASEWORK 
LABORATORY EQUIPM ‘PEG BOARDS LABORATORY STOOLS TRAYS 
: STAINLESS STEEL SINK UNITS 


Visit your hospital during National Hospital Week, May 8—14. 
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MAKE THE ATOM 
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PRIVATE EYE 








The potential of the atom is yet to be realized 
in most industries. As a result of experimentation 
with neutron activation analysis, radioactive trac- 
ing and autoradiography, NDA has investigated 
new fields in which the atom may be used to re- 
duce the cost of products and processes. In one 
case for example, neutron activation analysis 
showed the loss of a client’s valuable by-product. 
The process was modified resulting in large sav- 
ings. Many other industrial applications of radio- 
activity and nuclear techniques are under study 
at NDA, a natural outgrowth of their continuing 


program in the peacetime atomic energy field. 


Technological contributions such as these 
have been made possible by the coordinated efforts 
of NDA’s highly trained team of scientists, en- 
gineers and technicians. Their capabilities in the 
fields of research, design, development and en- 
gineering have been demonstrated repeatedly by 
their past achievements. Before your company 
initiates any project requiring advanced nuclear 


technology, consult NDA for expert counsel. 


For more information about NDA’s services 


write for brochure PE2. 


WHITE PLAINS 8-5800 N DA NUCLEAR DEVELOPMENT ASSOCIATES, INC. 


80 GRAND STREET, WHITE PLAINS, NEW YORK 
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ROUND UP of Key Developments in Atomic Energy 





Con Edison 
Application 


LATE NEWS and Commentary 


On March 22, Consolidated Edison of New York made history by filing with 
AEC the first license application for a central-station nuclear power plant to be 
built without government funds. Nucieonics gives here the first detailed 
summary of that license application. 

In Chicago on March 30, Con Ed vice president J. F. Fairman estimated 
that the $55-million, 250,000-kw plant would produce power during the initial 
operating period at about 9 mills/kwh. Ultimately, the over-all cost per kwh 
is expected to decline with advances in fuel technology. But 9 mills/kwh 
is within the range of present costs with some of Con Ed’s older stations. 

Plant design. The entire primary system, including reactor, boilers, pumps, 
will be contained in gas-tight pressure vessels (see p. 11). Monitoring and 
purification systems will detect and remove radioactive impurities in the primary 
cooling water. These precautions back up the primary one of fabricating fuel 
elements in such a manner that the possibility of fission products entering the 
coolant system will be minimized. 

Another safety factor is that the concentration of special nuclear material 
in the fuel plates in the reactor core will be adjusted so that there will be no 
excess reactivity during operation. At startup, excess reactivity will be about 
18%, and this will be balanced by hafnium shim and control rods when the 
reactor is operating. Power for controls would be assured at all times by a 
standby battery supply. 

Fuel needs. Uranium fully enriched in its 235 isotope will be used to 
fuel the reactor; thorium will be used as source material from which uranium- 
233 will be produced. For its first year of operation, the facility will need 450 
kg of U, 18,900 kg of Th. In each succeeding year, 225 kg of U and 9,450 kg 
of Th will be needed. 

Construction, operation schedule. On the basis that AEC will grant a license 
by this July 1, Con Ed has set up a tentative timetable. Construction at the 
Indian Point site will start July 1, 1956. The reactor housing will be completed 
and installing the reactor will start on Feb. 1, 1958. On April 1, 1959, equipment 
installation and testing will be completed; the reactor core will be loaded 
by May 1, and criticality will be achieved by July 1. Completion of low power 
tests by Nov. 1 will lead to full-power operation by Dec. 1, 1959. 

Other application information. The Con Ed application also devotes much 
space to data required by section 182 of the Atomic Energy Act. It gives 
business data, cites B & W contract (p. 11), Vitro consulting agreement, as 
proof of responsibility. 

Safety is a prime topic in the application. Aerial photographs and maps show 
the proposed riverside plant location at the center of one edge of the 350-acre 
site. The river effectively adds to the unpopulated “exclusion” area. There are 
no residences or industrial plants within 4 mile of the reactor, only 16 one-family 
residences within a 14-mile radius. Within 5 miles, 45,000 people live. 

Not included are meteorological, seismological, or background data that AEC 
has indicated will be needed before licensing (see p. 22). 

What's wanted from AEC. Con Ed wants a single 40-year license granted 
by July 1 to cover the following activities: 

1, Manufacture, production, possession and operation of a reactor as both a 
production and utilization facility under section 104b of the Act. A proviso is 
that operation could continue under 104b even after AEC finds that the same 
type facility could be licensed as a commercial facility. 
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2. Possession and use of special nuclear material and source material in 
connection with the facility. Con Ed wants AEC to supply these materials 
for the period of the license, also wants AEC to agree to furnish transportation 
and processing services. 

° 


Two expected proposals and one surprise offer to build nuclear power plants 
were received by AEC by the April 1 deadline set for its power demonstration 
reactor program. As expected, Yankee Atomic Electric Co. of New England and 
Atomic Power Development Associates (see p. 11) both proposed 100,000-kw 
plants. Moving so quickly that the directors of its associated companies have 
not yet approved its plans, Commonwealth Edison Company submitted a plan 
for a full-scale power reactor, presumably a boiling water reactor, that would 
be built by General Electric Co. and owned by Commonwealth. The utility’s 
associates in its Nuclear Power Group (American Gas & Electric, Bechtel, Pacific 
Gas & Electric and Union Electric) are reportedly expected to contribute funds 
towards research and development costs. AEC has set up a selection com- 
mittee to evaluate the proposals. Under AEC’s plan, the successful firms will 
be eligible to have initial fuel charges waived and to receive a further subsidy. 


The Joint Committee on Atomic Energy has set up an eight-man public panel 
to do a 10 months’ study of: impact of peaceful atomic energy on our economy, 
impact on foreign economies and the resultant effect on the U. S., activities of 
AEC in its role of fostering peaceful developments, and need for Congressional 
action to speed peaceful developments. Apparently some members of the 
Joint Committee feel that the report of this panel will be a substitute for the 
so-called 7-b report they feel AEC should have produced before the law was 


revised. 
© 


Design studies made by Brookhaven National Laboratory and Nuclear Develop- 
ment Associates indicate that the Lab’s 1-Mw medical reactor will have plate- 
type fuel elements, light-water coolant and moderator, graphite reflector, and a 
neutron flux of 10'°-10'* in the thermal column. Use of heavy water, as in the 
CP-5, also is being considered. 

. 
In what is described as a “major program,” North American Aviation is re- 
sponsible for developing a self-contained device (a fuse) to be installed in a 
reactor that will be capable of shutting the reactor down in the event of over- 
heating (NU, Nov. ’54, p. 119). 

e 


By arranging a meeting with official representatives from the various states, 
Harold Price, director of AEC’s newly formed licensing division, hopes to fore- 
stall hasty legislative action in the nuclear field by the states. 


Up for government approval in Norway is a five-year research program aimed at 
constructing a prototype nuclear power reactor for ship propulsion. The re- 
actor could be ready for testing in 1957. 


The nuclear instrument industry may get a sizable shot in the arm this year. 
In a surprise move, the House of Representatives authorized the Federal Civil 
Defense Administration to spend $30-million for instruments for detecting fallout. 
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Atom Plan Keeps Growing; 


U. S. Building UN Reactor 

As reported in NUCLEONICS 
(Mar. ’55, p. 6), an operating re- 
search reactor costing $350,000 will 
be demonstrated by the United 
States at the United Nations inter- 
national atomic energy conference 
at Geneva, Switzerland, in August. 
Over 60 U. S. firms have indicated 
they will have exhibits of equipment 
and services at the conference. 

But while AEC is busy coordinat- 
ing U. S. participation in the UN 
conference, other areas of the atoms- 
for-peace plan have not been neg- 
lected. Italy and Iraq are entering 
negotiations with the U. S., and the 
Manila Pact nations have been in- 
vited to discuss sharing fissionable 
material available for research re- 
actors. A draft statute has been 
drawn up for the international 
atomic energy agency and is pres- 
ently under active negotiation. 

In South America, nuclear physi- 
cists from six countries started the 
second month of a conference on 
atomic energy. In Yugoslavia, Mar- 
shall Tito announced that an exten- 
sive raw materials and experimental 
program aimed at nuclear power 
was underway. 

Conference research _ reactor. 
Main idea of building a reactor in 
Switzerland is to show what other 
countries can accomplish with the 
100 kg of slightly enriched fuel 
made available by the U. S. The 
swimming pool reactor to be ex- 
hibited uses about 5 kg of uranium- 
235 at 20% enrichment. The re- 
actor core will be shielded by water 
in a 10-ft-diameter tank 20 ft deep. 

The reactor will be built and tested 
at Oak Ridge National Laboratory, 
which is operated by Carbide & 
Carbon Chemicals Corp. for AEC. 
George L. Weil, technical director 
of U. S. participation in the con- 
ference, will supervise the project. 

After testing, the reactor will be 
dismantled and shipped to Geneva. 
Both reactor and fuel will be at all 
times under AEC custody and con- 
trol. 

Cooperation of the Swiss govern- 
ment and the United Nations, essen- 
tial to the exhibit, has been assured. 

Other conference exhibits. United 
Nations officials are astonished at the 
number of exhibits being planned 
for Geneva. Interest has not been 
confined to the U. S., nor are ex- 
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hibits being limited to small-scale 
models. Luckily, the large exhibi- 
tion hall used to house the annual 
automobile show is available; even 
so, space may be at a premium. 

International program continues 
to expand. When the Manila Pact 
countries met in Thailand, Secre- 
tary of State John Foster Dulles in- 
vited discussions on sharing of fis- 
sionable material set aside for con- 
struction of research reactors outside 
the U. S. In most cordial tone, he 
invited inquiries and proposals re- 
garding cooperation and assistance 
in the field of peaceful atomic 
energy. 

In Iraq, the Council of Ministers 
is considering a similar invitation. 
And five Italian scientists arrived in 
the U. S. to discuss cooperation be- 
tween the two countries. The group 
was headed by Francesco Giordini, 
president of the Commission on 
Nuclear Research of the Italian 
National Research Commission. 

South American conference. Ar- 
gentina, Bolivia, Chile, Paraguay, 
Peru, and Uruguay have represen- 
tatives at a two-month atomic energy 
conference. After a month at San 
Carlos, Argentina (near the Huemel 
Island atomic test station), the 
group was scheduled to arrive at 
Buenos Aires March 30 for a second 
month of discussions. 

Yugoslavia sets up Nuclear Energy 
Commission. Following Marshall 
Tito’s announcement that Yugo- 
slavia could produce nuclear energy, 
the Federal Executive Council estab- 
lished a commission to plan and 
develop production of nuclear 
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energy for industrial purposes. 
Heading the new unit is Vice 
President Alexander Rankovic. 

Said Tito, “We have organized 
appropriate prospecting agencies for 
exploration of nuclear raw mate- 
rials and these already have given 
ood results. We have trained in- 
Sustrial and technical personnel 

. we believe that we are in a 
position to undertake work directly 
on the production of nuclear 
energy.” 


Reactor School Opens 
with 31 Foreign Students 


The School of Nuclear Science 
and Engineering, set up at Argonne 
Mottondl Labebticer as a major proj- 
ect under the atoms-for-peace pro- 
gram (NU, Dec. ’54, p. 70), started 
sessions last month. In addition to 
31 foreign students from 19 coun- 
tries, the first class also includes 9 
representatives from U. S. industry. 

The seven-month session will in- 
clude unclassified courses in design, 
construction, and operation of re- 
actors for nuclear research; prin- 
ciples of design of nuclear power 
reactors; handling of irradiated ma- 
terials; and other related subjects. 
The Atomic Energy Commission 
project is being carried out in co- 
operation with the Foreign Opera- 
tions Administration and the State 
Department. 

Nations represented in the first 
class are Argentina, Australia, Bel- 
gium, Brazil, Egypt, France, Greece, 
Guatemala, Indonesia, Israel, Japan, 
Mexico, Pakistan, the Philippines, 


Twelve members of the Joint Committee on Atomic Energy received cards 


like this after an overnight cruise last month on the Nautilus. 


They were im- 


pressed with “the fundamental simplicity of control of the nuclear reactor” 
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Portugal, Spain, Sweden, Switzer- 
land, and iland. 

U. S. companies represented are 
Republic Aviation, Donovan Con- 
struction Co., Armour & Co., Inter- 
national Harvester, International 
General Electric, Superior Steel 
Corp., Convair Division of Gen- 


eral Dynamics Corp., Newport News 





Washington Report 


U. S. industry interest in nuclear export business got 
a shot in the arm early this month when it was as- 
sured “that the Government will do everything it 
can to facilitate international arrangements needed 
to enter into contracts to build power reactors 
abroad.” In an address to an Atomic Industrial 
Forum-Stanford Research Institute meeting, Am- 
bassador Morehead Patterson, U. S. representative 
for international atomic energy negotiations, said 
that industry has “a green light to go forward. Your 
international problems are assured of sympathetic 
hearing.” 

Because bilateral “agreements for cooperation” are 
needed for such business activities, additional en- 
couragement came from Mr. Patterson’s statement 
“that quite a number of them will be completed 
and executed prior to the adjournment of Congress 
this summer.” Negotiations are well advanced with 
the United Kingdom, Canada, Belgium, Italy and 
India. AEC announced that it will probably sell 10 
tons of heavy water to Italy, in addition to the same 
quantity previously announced for India. 

Mr. Patterson also reported that “definite progress” 
has been made in drafting a statute for the Inter- 
national Atomic Energy Agency and that the agency 
is about ready to “pop.” He said the work of the 
agency might include collecting and distributing 
libraries and coordinating national training pro- 
grams, and “would play the major role in making 
available power reactor technology and fuel and in 
promoting a program to locate reactors throughout 
the world.” Nucteonics also understands that Mr. 
Patterson reportedly believes that the agency “might 
well operate a laboratory.” 


With a beard and wig added, John von Neumann 
would be a perfect Santa Claus. Short, rotund and 
balding, he has eyes that, while often viewing some 
far-off idea, can give you full and immediate 
attention. His manner promises cordiality and 
laughter, implemented by intelligence. 

Von Neumann fulfilled this promise when he 





Ship Building and Dry Dock Co., 
and Detroit-Edison Co. 


Cole Introduces Bill to 


Amend Patent Provisions 


Dissatisfied with patent provisions 
of the Atomic Energy Act of 1954 
since it was passed by Congress, 






Rep. W. Sterling Cole (R., N. Y.) 
introduced a bill to amend them on 
March 23. His bill, H. R. 5167, 
would repeal sections 153 and 154 
and amend section 152 of the Act. 
Section 153 provides for com- 
pulsory licensing of patents “of 
primary importance” in nonmilitary 
utilization. Section 154 restricts 









testified before the Joint Committee on Atomic 
Energy considering his appointment to AEC. He 
took only a few seconds to adjust to his hard wooden 
chair. Then he detailed his background as a mathe- 
matician, computer designer, and General Advisory 
Committee member, without deprecation or glory. 
The first glimpse of his sense of humor came during 
discussion of computers. He visibly enjoyed a 
Senatorial remark that mathematicians were doing 
themselves out of jobs by developing computers, 
shot back the reply that “we still have to check 
the machines for error,” then went on to point out 
that the supply of trained mathematicians capable 
of using computers was far from abundant. 

Later, this idea came back at von Neumann in the 
form of a query as to whether being on the Com- 
mission would not be a waste of his scientific 
talent. After gazing upward, as he often did, to pick 
words from the air, von Neumann steadied his gaze 
on his questioner and replied that the “need for 
evaluating basic decisions is not gone,” that a 
scientist could “spend his time very usefully” making 
policy decisions. In other parts of his testimony, he 
pointed out that much of his contribution to AEC 
programs had been in evaluation and decision. 

Besides displaying a charm that could well be 
attributed to his youth in Hungary, von Neumann 
laid before the JCAE a clear picture of his con- 
victions and their depths. He's violently anticom- 
munist; a 3-month taste of it in 1919 Hungary con- 
vinced him. Still, he has great faith in men as 
individuals—witness his signing of a letter backing 
the innocence of I. I. Halperin after the latter's in- 
dictment as a spy. Halperin was later acquitted. 

Von Neumann testified for Oppenheimer during 
his security review. Asked what his attitude to- 
wards that case would be as a Commissioner, he 
said he would act as a judge, not a witness. In 
light of security rules, he thinks AEC action in 
lifting Oppenheimer’s clearance was right. Later 
in the corridor, he remarked, “There are always 
rules one must live by.” 
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the granting of injunctions by courts 
in opposition to section 153. Sec- 
tion 152 covers inventions conceived 
during AEC contracts. 

Cole’s views on patent provisions 
of the Act are set forth in the article 
on page 31. 


British Program Benefits 
Industry, Commonwealth 


It’s increasingly evident that 
Great Britain’s 10-year nuclear power 
program (NU, March ’55, p. 7) is 
aimed at more than just meeting 
growing power demand. It also 
provides firm footing for furthering 
Commonwealth relations and for 
setting up an industrial complex 
capable of capturing a large share 
of the international nuclear market. 

Commonwealth relations. Close 
ties with other Commonwealth 
nations are vital to Britain’s world 
position. But few formal agree- 
ments for exchanging atomic energy 
information have n recorded; 
only recently, for example, have 
Australia and Britain announced a 
formal program. Basis of the Aus- 
tralian agreement is Britain’s ability 
to provide nuclear power data. 

Expect more such agreements. 
Even though the British Atomic 
Ener Authority stresses they won't 


interfere with Commonwealth par- 
ticipation in an international agency, 





an 


ALLEN WHITFIELD has been nominated by 
President Eisenhower as fifth member of 
AEC. The 51-year-old Des Moines attor- 
ney, if confirmed by the Senate, will fill 
vacancy caused by resignation of Joseph 
Campbell. Campbell's nomination as 
Controller General was recently approved 
by the Senate. Whitfield, a prominent 
lowa Republican, represented lowa 
State College in negotiations with AEC 
about Ames Laboratory 
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About the Industry 


If for one reason or another you think your company may be 
missing opportunities to learn about atomic energy developments, 
consider a local industry committee. There are several advantages, 
among them, pooling of talent in discussion, more attraction for 
speakers, and more impetus behind proposals that the group makes 
to government. 


The idea is already spreading. Committees are already working 
in Baltimore, Detroit, Chicago, and at Georgia Institute of Tech- 
nology. In the latter case, almost every technical department of 
the institute is represented in a group trying to determine how the 
institute can best use its resources and facilities in the atomic en- 


ergy field. 


The Chicago Bar Association established its committee on atomic 
energy law last year. It is made up of attorneys representing in- 
dustrial organizations, insurance companies, banks, railroads and 
labor unions, in addition to specialists in fields like international 
law. 


At present, this committee is studying the Atomic Energy Act of 
1954. It’s also studying health and safety, with the idea of recom- 
mending appropriate legislative controls. 


In Baltimore, an Atomic Energy Group was the outgrowth of a 
conference on atomic energy. Representatives of 17 Baltimore or- 
ganizations have joined the group to keep informed on develop- 
ments and opportunities in the nuclear field. Howard Dunlap of 
The Glenn L. Martin Co. is chairman. 


In Detroit, a slightly different approach has been taken to the 
problem of disseminating information. Delegates of 40 engineer- 
ing, professional and scientific societies represented in the area are 
organizing a regional joint council of nuclear science. They repre- 
sent more than 30 companies and institutions. 


A nine-man steering committee is organizing the council and out- 
lining its functions and procedures. R. W. Hartwell of Detroit 
Edison’s atomic power development project is chairman. 


Industry should keep its eye on legislation at the state level af- 
fecting the atomic industry. Recently, four New England states— 
New Hampshire, Maine, Rhode Island, and Connecticut—intro- 
duced bills in their legislatures to coordinate development and 
regulatory activities relating to peaceful uses of atomic energy. 
Both Vermont and Massachusetts are considering introduction of 
similar bills. 

All these bills are based on a model statute drawn up by the 
committee on atomic energy set up by the New England governors’ 
conference. A feature of this model is that it provides for state 
regulation in conformance with the Atomic Energy Act of 1954. 


In New York, a bill was introduced to set up a temporary state 
commission to study the problem of coordinating the codes and 
regulations of all state departments that regulate atomic activities. 
The commission would also consider the need for further legislation 
at the state level. 
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Industrial Applications 


Scintillation crystal plus TV camera equals more sensitive radi- 
ography. Even after being attenuated by a factor of 50,000, low- 
intensity X-rays can be used for radiography by converting them to 
a visible pattern using a Nal crystal, then amplifying the pattern 
with. a television camera that intensifies and displays it on a moni- 
tor kinescope. Radiographs through as much as 18-in. of steel or 
7¥%-ft. of concrete are possible. Machinery can be analyzed while 
in motion. System has been developed by the National Bureau of 
Standards, using crystals up to 7%4-in. diameter by 1-in. thick, and 
X-rays from their 180-Mev synchrotron. Resolution does not vary 
much from 20-180 Mev. Intensities as low as 2 « 10° mw/cm? are 
detectable. If sufficient contrast is obtained at lower energy of 
cobalt-60 (about 1.25 Mev) radiographs through 13-in. of steel or 
344-ft of concrete—these give attenuation factors of 50,000—would 
be possible. Tests are being made using low-energy isotope 
sources. Problem with thick objects is loss of detail caused by 
scattering. 

Concrete tank walls 1-ft. thick were recently radiographed using 
conventional film techniques and 214-c cobalt-60 sources. Isotope 
Products Ltd., Canada, did the job to locate reinforcing bars in the 
walls, determine cause of cracking. 


Gamma polymerization offers better blood-plasma extender. Spec- 
ifications on the molecular weight of polyvinylpyrollidone (PVP), 
a human-blood-plasma extender, are rigorous. Too low a weight 
means it is excreted too rapidly, and too high a weight means in- 
complete excretion. Better molecular weight control is achieved 
with gamma polymerization than with chemically-catalyzed poly- 
merization. However this is not conclusive of the advantage of 
radiation polymerization, as the different production mechanism 
means different molecular shapes and branching ratios are present. 
Animal tests to determine the physiological advantages of the new 
PVP are planned by the National Research Council. 

PVP is usually made using H,O, and NH, catalyst, in a reaction 
at 75°C. Completion takes 4-5 hours. Without catalyst, but in 
the presence of 200,000 r/hr from cobalt-60, the reaction is com- 
plete after about 20 minutes at room temperature. Brookhaven re- 
searchers who have developed this production method estimate that 
about 10° ¢ of cobalt-60 could handle commercial quantities. 


Beta gage simplifies wear studies. A beta gage that measures 
paint films to within 0.1 mil is being used in a laboratory study of 
traffic paint. The gage allows fast, simple, and accurate evaluation 
of wear caused by an abrasion wheel without the need, as in the 
former visual method, of running the test until the backing mate- 
rial shows through. The gage is an important step in developing 
a laboratory test that will correlate satisfactorily with field perform- 
ance. Gage portability means it can be used in future field tests. 
In calibrating the gage, it was found that counting rate vs thickness 
curve for any coating on any material can be constructed knowing 
only the counting rates at infinite thickness for the coating and its 
backing material, provided they have different effective atomic 
numbers. Details are given in Michigan State Highway Depart- 
ment Report 217 by B. W. Pocock. 
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there’s no doubt they'll put Britain 
in a favored position. 

The 10-year plan may also be 
valuable politically at home. British 
localities ees oppose power sta- 


tions; they're clamoring for nuclear 
facilities. A nuclear power station 
for Northern Ireland already seems 
certain; technical feasibility studies 
are underway. 

Industrial _ participation. Actu- 
ally, the British atomic effort to date 
comes close to the government-in- 
dustry relationship in the U. S. 
More than 100 firms have been in- 
volved in building and equipping 
Britain’s atomic facilities. And 
British industry is heavily geared 
for thermal power plant production. 

But Britain wants to beef up its 
nuclear industry, to spread indus- 
trial knowledge of atomic energy. 

First crack at British Electricity 
Authority contracts for plant con- 
struction will go to experienced 
companies like English Electric, 
General Electric, Associated Electri- 
cal Industry Group, and C. and A. 
Parson. As other companies get 
trained personnel, even more British 
firms will be bidding for the BEA 
contracts. 

How firm is the plan? As far as 
providing funds and setting a floor 
under nuclear power requirements, 
Britain’s 10-year plan is solid. 
That’s the whole idea—to provide 
industry with a solid incentive base 
and at the same time solve power 
needs. 

British power demand has been 
increasing 7% a year; estimated rates 
are 6% in the early 60s, 5% in the 
‘70s. Conventional fuel reserves 
can’t keep up. 

But don’t count on Britain stick- 
ing too closely to its planned course 
of reactor development. W. K. 
Davis, director of the U. S. AEC 
Division of Reactor Development, 
thinks Britain chose gas-cooled re- 
actors to avoid corrosion problems 
and thus get the program off to a 
quick start. Other reactor types 
may develop more rapidly than ex- 
pected. 

Britain is investing in other re- 
actor types, including the Dounreay 
breeder. And both government and 
industry are investigating better re- 
actor materials; Murex, Ltd., for ex- 
ample, is specializing in zirconium 
research. Even the first reactor in 
the program is far from final design, 
which won't be completed until 
Calder Hall reactor operating ex- 
perience is available. 


April, 1955 - NUCLEONICS 





Reactor News 


Con Edison contracts for nuclear power plant, asks 
authority to build and operate. With $55-million ear- 
marked for the total project, including buildings and all 
electrical and supporting equipment, Consolidated Edi- 
son Co. of New York last month asked AEC for permis- 
sion to put up a 236-Mw (elec.) nuclear power plant 
along the Hudson River 24 miles from New York City. 
Babcock & Wilcox will design and construct the reactor 
portion (NU, March ’55, p. 6), which will be a 1,500- 
psi pressurized-water reactor using enriched U and con- 
verting Th® to U™. Saturated steam at 420-psia and 
449° F will be made in four boilers and will have total 
capacity of 140-Mw, but a separate oil-fired superheater 
will supply an additional 96 Mw so that the steam at the 
turbine throttle will be at 370 psia and 1,000° F. The 
heat rate of the combined reactor and superheater will 
be about 10,700 Btu/net kwh. 


Detroit Edison pushes 100-Mw (elec.) breeder. Detroit 
Edison Co. last month asked AEC to authorize the 
utility and 32 other power and engineering firms to 
build a $45-million breeder reactor. To be located at 
either Harbor Beach on Lake Huron or Monroe on Lake 
Erie, the plant will be started in about 2 years, and will 
be producing steam before 1960. Detroit Edison has 
appropriated $5-million to the project; its 32 partners in 
Atomic Power Development Associates have so far put 
up $5-million of their $40-million share. About 200 
tons of natural U will be needed. 


Another supplier wanted for naval reactors, SIR en- 
counters diffeulties, but SAR work moves along as Navy 
orders two more STRs. With $7—10-million expected 
to be involved in the coming year, AEC has been search- 
ing for a third firm to join Westinghouse and General 
Electric in producing naval reactors. The hitch is— 
government wants firm to put up some of its own money 
(rather than contracting on a straight cost-plus-fixed-fee 
basis as with original suppliers), and some companies 
are reluctant to invest in a water-cooled reactor of rela- 
tively staid design. 

Problems with the mechanism for the reflector-type 
controls on the sodium-cooled SIR (submarine inter- 
mediate reactor) at West Milton, N. Y., have delayed 
initial operation, but faith in this control is indicated by 
reported decision to use somewhat similar controls on 
the SAR (submarine advanced reactor), a souped-up 
version of the PWR. Both SIR and SAR are being 
developed at the GE-operated Knolls Atomic Power Lab. 

With the Navy’s $12.4-million contract with Westing- 
house for two more STR’s, four of the seven planned a 
reactors are contracted for (NU, March ’55, p. 6). 


AEC swinging to idea of two ETRs. In view of what 
AEC feels is a rapidly growing need, and industry’s 
rather slow reaction to feelers on a privately built engi- 
neering test reactor (NU, Feb. ’55, p. 5), the Commis- 
sion is thinking of building an ETR soon at its Idaho 
test station, while continuing to encourage industry to 
build another one. The over-all need for high-flux test 
facilities continues to grow, and pressing Air Force re- 
quirements loom large in AEC’s plan to build in Idaho. 
Safety considerations are believed to be another reason 
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to build there—Air Force tests necessitate large exper- 
imental space in the core’s center. 

To learn size of irradiation business that the industrial 
ETR might do, Arthur D. Little Co. is conducting a 
market survey and is trying to interest group investment. 


Bids asked for 1-Mw swimming-pool reactor for Liver- 
more. With a May 2nd deadline, AEC’s San Francisco 
office is seeking proposals for construction of a 1-Mw 
research reactor for the Commission’s Livermore lab, 
which is operated by the University of California. AEC 
reportedly prefers that one contractor be responsible for 
complete reactor facility on a fixed-price basis. 


U. of Michigan reactor construction contract goes to 
B&W. Bids for fabrication of the Babcock & Wilcox- 
designed University of Michigan research reactor, in- 
cluding thermal column and pneumatic system, to the 
university's specifications were: American Machine & 
Foundry, $308,368; Lycoming, $287,800; Catalytic 
Construction Co., $264,000; Hinkle Bros., $257,712; 
Jeffress-Dyer, Inc., $237,000; Merritt, Chapman and 
Scott, $197,410; Foster Wheeler Corp., $187,720; and 
Babcock & Wilcox, $180,000. B&W’s bid was accepted, 
but the price was reduced to $164,000 when some de- 
sign modifications were made. Some of these were 
suggested in alternate designs made by the other bid- 
ders. Control-rod mechanisms will be supplied by 
AMF. The reactor bids by Jeffress-Dyer and Merritt, 
Chapman and Scott were parts of their over-all facility 
bids and would have been fulfilled with FW’s reactor. 

The contract for the building itself, including the re- 
actor pool and parts of the cooling circuit, was awarded 
to Jeffress-Dyer on a bid of $527,300. 


AEC OK’s l-yr power studies. Fairbanks Morse Co., 
E. P. McLean Engineering Co., and Seminole Electric 
Cooperative Inc. are studying use of 10-Mw reactors 
for power in northcentral Florida. Baldwin-Lima- 
Hamilton Corp. and the Denver & Rio Grande Western 
Railroad are studying reactors for locomotive propulsion. 
Combustion Engineering, Inc., is studying fuel elements 
and is evaluating large and small reactors. General 
Dynamics Corp. is spending about $200,000 to study 
manufacture of small power reactors, components, in- 
strumentation, and equipment for decontamination, 
waste disposal, and byproduct uses. 

With a contract believed similar to that held by 
Babcock & Wilcox, (p. 75), Westinghouse Air Brake Co. 
and Fluor Corp. are studying a low-power package re- 
actor that needs no operating personnel and minimum 
maintenance. 


Canadian GE and Ontario Hydro team up with Cana- 
dian government to build power prototype. Canada’s 
experience with D:O reactors will form basis for co- 
operative construction of a 20-Mw (elec.) nuclear plant 
by mid-’58 (NU, March ’55, p. 10). Atomic Energy of 
Canada, Ltd., the Government organization operating 
the Chalk River facility, will supply nuclear data, speci- 
fications, and funds for the reactor. Canadian General 
Electric Co. will design and build the reactor as well as 
contributing an undisclosed portion of its cost. Hydro 
Electric Power Commission of Ontario will specify and 
pay for regular equipment, building, site and steam. 
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News in Brief 


Will teach fundamentals, engineering of radiation proc- 
essing. June 20-24, Massachusetts Institute of Tech- 
nology offers a special summer program course on “Jon- 
izing Radiations for Industrial Processing.” For details, 
write Room 7-103, MIT, Cambridge 39, Mass. 


AEC awards 48 life science, 13 unclassified physical 
research contracts. In addition to renewals, the Atomic 
Energy Commission has contracted for three new uni- 
versity research programs in physical science, four in 
biology, three in medical sciences, and one in instru- 
mentation. 


Israel will get 3-Mev accelerator in 1957. Weizman 
Institute of Science has ordered a Van de Graaff posi- 
tive-ion unit that will cost $180,000. A new building 
is being built to house the unit. 


New York schedules radiation code hearings. The 
board of standards and appeals of the New York De- 
partment of Labor will hold public hearings on the state 
radiation code April 11 in New York, April 12 in Albany, 
and April 14 in Buffalo. A similar Health Department 
code went into effect April 1. 


ORINS offers comprehensive course to high school 
teachers. August 1-26, Oak Ridge Institute of Nuclear 
Studies presents a summer institute for 48 physical 
science teachers. Besides a review of scientific develop- 
ments, the program offers laboratory use of radioactivity. 


Q-clearances total half a million. Since 1947, the 
Atomic Energy Commission has investigated 503,810 
persons for security clearance. AEC told a Senate sub- 
committee it denied clearance to 494, cleared 1,622 
after further checks; 3,416 applications were withdrawn 
before final action. 


Swiss corporation pledges $4-million for first reactor, 
plans second. Réacteur Swisse S. A., a nonprofit cor- 
ation, was set up last month. Its 64 industrial mem- 
s will underwrite three-quarters of cost of a heavy- 
water reactor at Wiirenlin tema ype will supply 
further funds for total of $5-million. A plutonium re- 
actor will be built if fuel is available. 


Hungary gets Soviet radioisotopes. First shipments of 
radioactive materials from the Soviet Union will reach 
Hungary this month for use by its paper industry. First 
plant to use them for thickness gaging and tracer studies 
will be Budafok Cardboard Sheet Factory. 


Army studies radiation processing of shoes. Preliminary 
experiments indicate that radiation can control mildew 
without harming leather. Deterioration of shoes in 
tropics is such a problem that Army is using a cold 
storage plant for storing shoes in Panama. 


Practice school has seventh anniversary. Since 1948, 
Massachusetts Institute of Technology and Carbide and 
Carbon Chemicals Co. have cooperated to offer graduate 
engineering work at Oak Ridge. A brochure describ- 
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ing the program is available from MIT Practice School, 
Box P, Oak Ridge, Tenn. 


Plan eighth biology symposium on mutation. To at- 
tend Brookhaven National Laboratory’s annual summer 
conference June 15-17, notify R. C. King, BNL, Upton, 
N. Y. Program chairman is W. R. Singleton. 


Stanford University plans nuclear course, gets oil re- 
search grant. George Leppert will teach a new course 
in nuclear power engineering this spring and will also 
direct a study of the relation of atomic energy and the 
oil industry. The study is supported by a $10,000 grant 
from Signal Oil and Gas Co. 


West Germany reduces nuclear tariffs. Import duties 
on uranium oxide, naturally radioactive materials, and 
isotopes such as deuterium have been reduced to 30%. 


France names Curie to European Council for Nuclear 
Research. Frederic Joliet-Curie, fired in 1950 as 
French high commissioner for atomic energy, has been 
named as adviser to the 12-nation UNESCO-backed 


group. 


FAS asks UN for genetic study. An_ international 
authority to study and access potential dangers of A- 
and H-bomb tests should be established by the United 


Nations, says the Federation of American Scientists. 


Predict construction of lithium processing plant. Within 
four years, says Arizona’s development board, a plant 
will be built to extract lithium from minerals in a broad 
pegmatite belt extending into central Arizona. 


Urges reactors, not arms, for Middle East. Sen. H. M. 
Jackson (D., Wash.) advocated in a recent speech that 
the U. S. build nuclear power plants in underdeveloped 
areas of the Middle East. 


Proclaim safety of drugs exposed to bomb. The Food 
and Drug Administration, after studying results of tests 
on 42 common drugs at the Nevada Test Site, has set 
forth a general rule that most drugs in undamaged con- 
tainers are safe for immediate use after an atomic ex- 
plosion. Most induced activity was in containers, not 
in drugs. But, says FDA in its report, some drugs lose 
potency, and those with chlorine content exhibit induced 
sulfur-35 activity. 


Czechs set up nuclear research, will produce liquid H. 
A large generator of liquified hydrogen is being expe- 
dited as part of Czechoslovakian nuclear research pro- 
gram. Physical Institute of Czech Academy of Science 
has been delegated responsibility for nuclear research. 


Predicts industry will top AEC’s investment. F. K. Mc- 
Cune, general manager of General Electric’s atomic 
products division, predicts a long-term, slow growth of 
the nuclear industry. But he’s confident that “eventu- 
ally” industry will match government expenditures that, 
with current authorizations, total $12-billion. AEC 
chairman Strauss said recently AEC’s budget was level- 
ling off at $2-billion annually. 
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RCL RECORDING SPECTROGAMMEOMETER 


The RCL Recording Spectrogammeometer is a complete power-supply, a wide range preamplifier, a gracefully non- 
single channel recording pulse height analyzer. It is designed overloading linear amplifier, a pre¢ision linear count rate meter, 
for the study of nuclear gamma ray spectra, just as a recording a highly reliable scaler for precision determination of check 


spectrometer is used to analyze atomic or cular spectrs 
I ised inalyze atomic or molecular spectra. points, and a chart recorder used to draw a continuous line 


One may use the Spectrogammeometer for rapid identification of record of the relationship between counting rate and gamma ray 
nuclides by their qualitative spectra and also for quantitative nergy 
. e ° . vee . ene y. 
analysis! of isotopic concentrations. The Spectrogammeometer -— ‘ 
nes : ie Radiation Counter Laboratories, Inc., has made or has or- 
in addition to uniquely identifying isotopes, has the advantage 
, ders for more than 40 Recording Spectrogammeometer type in- 
of reducing background to a very low degree when set on a — Recording 5 . vt 
. e ° ry ‘ q a > Y « Ps . re > « i y swf « ie » , { y 
photopeak of a particular isotope. The Spectrogammeometer, struments manufactured to the quality established on the large 
less the scintillation probe, may also be used to determine number of nuclear reactor control systems RCL has already de- 


pulse height distribution from proportional counters. livered to major Atomic Energy Commission installations and 
The RCL Recording Spectrogammeometer consists of a to universities. The design of all circuits and components is 


scintillation probe, a long-term high-regulated negative- believed to be the best available. 





Specifications 


1. Indicating type recorder with single measuring and balancing system to operate pen travel 
along X axis. Variable speed drive to operate chart along Y axis. Spectrum is scanned by a 
reversible, synchronous motor-driven potentiometer with scan time adjustable to 15, 30, and 
60 minutes. 


2. Precision linear count rate meter with accuracy of one percent on recorder. Resolving time 
2 microseconds for paired pulses. Built-in calibrator. Probable error may be set from 20 to 
0.2 percent with an associated time constant of from 0.02 to 200 seconds. Scale ranges from 
200, 1K, 2K, 10K, 20K, 100K, 200K, 1000K, and 2000K per minute, and 5, 25, 50, 250, 500, 
2.5K, 5K, 25K, and 50K per second. 


3. Highly reliable Higginbotham scale of 4096 with electrical reset. Input circuit is pentode 
Schmidt trigger discriminator allowing the rejection of negative pulses to 50 volts, or positive 
pulses to 100 volts. Input will accept pulses as low as 5 volts. Resolution of 1 microsecond for 
paired pulses. Scale positions of 64, 256, 1024, 4096, and ‘‘ Register Off.’’ Hermetically sealed 
transformers and chokes are provided. 


4. Single Channel Differential Analyzer is equipped with 404A pentodes, which have the highest 
gain-bandwidth product of any tube. The expander amplifier can reproduce faithfully any 
portion of an RC-shaped pulse having a duration of one microsecond and a rise time as short 
as 0.2 microsecond. The window width is variable from 0 to 5 volts with the window width 
remaining constant to approximately one-tenth of one percent of the window width. 


5. Non-overloading linear amplifier with 1 microsecond delay line pulse-shaping-circuit. Re- 
quires an input signal six times larger than the one necessary for full sized output to produce a 
two percent base-line deflection, which recovers with a 200 microsecond time constant. This 
amplifier also includes a pulse height detector controlled by a ten-turn potentiometer, which 
delivers negative pulses of 20 volts or more amplitude and of approximately 0.4 microsecond 
duration that may be used as a separate unit. 


6. Long-term, highly regulated power-supply for scintillation counter. Variation is less than 
1 volt in 1000 over six day period using a line voltage regulator ahead of the power supply. 
A plus or minus 10 volts input varies output approximately plus or minus 0.2 volts. A stable 
power supply is particularly important at or near photopeaks. 


7. Four stage linear preamplifier with gain of approximately 30, a rise time less than 0.2 micro- 
second, and a bandwidth of approximately two megacycles. 


8. Scintillation counter tube uses Dumont 6292 phototube. Harshaw sodium iodide (T1) crystal 
measuring 154 inches in diameter by 1!» inches in thickness. The electrical circuit has one 
microsecond resolution for paired pulses, 


9. Spectrogammeometer comes in a seven-foot relay rack which is forced air ventilated. 











1.E. C. Anderson, RCL Counter, Vol. 1, No. 2, 1954. 10. Power requirements are 110 volts AC at approximately 8 amperes. 


RADIATION COUNTER LABORATORIES, INC. 


Nucleonic Park 5122 West Grove Street Skokie (Chicago), Illinois 
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WHEN SPECIFICATIONS LEAVE 


MOST DIELECTRICS BEHIND 


Space saving insulation... molded from KEL-F Miniature Test Jacks for 500 volt RMS “HF” 
Plastic. circuit ... injection molded of KEL-F Plastic. 


Contact Bar insulated with KEL-F Plastic... Miniature Rectifier and mount for parts... in- 
injection molded directly to beryllium-copper. jection molded of KEL-F Plastic. 


Other electrical applications for KEL-F Plastic 
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REE 


Where should KEL-F Plastic be specified for wire in- 
where electrical installations 


sulation? The answer is: 
demand resistance to destructive fumes, gases and corro- 
sive chemicals ... where operating temperatures are too 
high or too low for ordinary insulation . .. where condi- 
tions of humidity or moisture require a dielectric with 
zero moisture absorption ...where highest abrasion re- 
sistance is necessary because of vibration and movement. 

KEL-F fluorocarbon plastic is unique in the combina- 
tion of physical and electrical properties it offers. There 
are miles of ordinary insulated wire in service for every 
inch protected with KEL-F Plastic. But, for the vital spot 
installations —for critical equipment that must function 
under difficulty—KEL-F Plastic offers advantages not ob- 
tainable elsewhere. 


KEL-F Plastic is meeting the stiffest military and air- 


WIRE INSULATION 


craft specifications. It is in service in electronic equip- 
ment, airplanes, guided missiles, Signal Corps apparatus, 
low temperature reactors, radar equipment and atomic 
energy plants. 


Advanced Extrusion Techniques now 
producing high performance insulation 
Today extrusion techniques are thoroughly developed 
by fabricators. The advanced methods now in use pro- 
duce a KEL-F Plastic insulation that can be depended 
upon for physical and electrical uniformity and trouble- 

free performance. 

For complete details about KEL-F fluorocarbon plastic 
and the contributions it can make to improved electrical 
equipment, write for Technical Bulletin #1-1-55. 


®Registered trademark for The M. W. 
Fluorocarbon polymers. 


Kellogg Company’s 


THE M. W. KELLOGG COMPANY 


Chemical Manufacturing Division, P. O. Box 469, Jersey City, N. J. 
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A BASIC INSTRUMENT FOR RADIOISOTOPE LABS... 


G-E Portable Probe Selectively Detects 


ay, and Thermal-neutron Radiation 


Scintillation Method of Detection Provides 
High Efficiency and Shorter Resolution Time. 


Now, with only one instrument, you can detect four 
types of radiation individually. The General Electric 
radiation probe provides this versatility in a light- 
weight, portable instrument. 

HIGH OVER-ALL EFFICIENCY, fast response time, and 
long life are provided by the use of a scintillation 
counter as the basic detecting unit. Output of the probe 
can be fed into any standard scaler. 

FAST SCANNING is possible with the G-E portable 
probe because of its extreme sensitivity—about 25,000 
counts/min/mr/hr from radium gamma rays. 


FURTHER INFORMATION can be obtained by writing 
for bulletin GEA-5735, to General Electric, Section 
585-20, Schenectady, N. Y. 


SIMPLE TO CONVERT, the versatile G-E radiation probe can 
be quickly changed from an alpha detector to a beta, gamma, 
or thermal-neutron detector. Merely unscrew one cap and 


replace it with another. 


GENERAL @@ ELECTRIC 
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Jerome D. Luntz, Editor 


For a Bold Declassification Policy 


‘y THE UNITED STATES, we have come a long way 
in the release and dissemination of atomic 
energy information—from the period 1942-45 
when even the purpose of Oak Ridge was 
concealed, to 1955 when reams of nuclear data 
are being published. A particularly significant 
augury for the future is the recent Atomic 
Energy Commission approval of the new de- 
classification guide, which will permit greater 
release of information and wider access to 
classified material. 

Despite this very encouraging picture, we have 
reached the point where a basic policy decision 
must be made at a very high government level 
on the question of ‘‘ Where do we go from here?”’ 
In recent weeks, there has been increasing 
evidence that unless we stake out a bold new 
policy on declassification, it may redound to the 
disadvantage of the U. 8S. both at home and 
abroad. Thus, the Editors of Nucixonics, for 
the reasons below, here support strong recom- 
mendations made by others recently for a major 
‘opening up”’ in the information field by AEC. 


bape IS NO QUESTION about the vital role of 
information in nuclear technology but it is 
worth restating the point here. Abroad, interest 
in the U. S.-proposed ‘atoms-for-peace”’ plan 
attests to the hunger for information. At home, 
one of the principal aspects of AEC’s imple- 
mentation of the new law is a sweeping new 
program for industrial access to information. 

At the moment, much of the field of reactor 
technology remains under wraps, particularly 
engineering knowhow and costs. It’s only in 
the area of low-power research reactors that 
publication is relatively free. However, acting 
under the impetus of the new law, AEC has 
apparently determined that most reactor in- 
formation, although it should be kept classified, 
is not particularly sensitive from the national 
security point of view. Large numbers of 
people will be given access to it—in this country, 
via L-clearances, and abroad, under bilateral 
agreements. Seemingly we may soon have more 
people with access to classified information than 
those without it. 

Does all this make sense? No! There are 
many strong arguments for declassifying the 
entire field of reactor technology. Perhaps the 
most urgent is in the international area. The 
U.S. has eloquently told the world of its sincere 
interest in furthering peaceful atomic develop- 


ments around the globe. This now needs to be 
backed up in a more meaningful and substantial 
way than has yet been done. 

The greatest harm can be done to this country 
if we use information as a commodity in bargain- 
ing on the world market. The sincerity of our 
‘“‘atoms-for-peace”’ plan would be undermined. 
Some countries reportedly already resent the 
feeling that they’re ‘‘selling their soul’”’ to get 
U. S. information. We can’t get away with 
keeping information secret to make other nations 
feel that they’re being favored when they’re 
given access to the information. 

The place to make an impact on the world is 
at the Geneva nuclear conference this summer. 
Although many of the foreign participants will 
undoubtedly be seeking data on radioisotopes, 
there is little question but that the major 
interest will be in power reactors. Certainly 
this will be the subject arena in which we will be 
vying with Russia and other nations for the 
plaudits of observers. The loss in face we can 
suffer if we go into the conference with an 
empty basket is incalculable. On the other 
hand, a gain in confidence in us and ultimate 
progress in atomic energy elsewhere are the 
rewards to be reaped from a fuller offering. 

To accomplish this, we have really got to show 
the world what we can offer in the way of 
reactor information. Let’s talk about our five- 
year reactor development program. Let’s give 
details on our progress on homogeneous reactors, 
breeders, boiling water reactors, etc. Let’s also 
make it possible for American companies to talk 
about their plans for power facilities. The U.S. 
should be proud of its advances in peaceful nu- 
clear technology and should show its wares. 

At home, there are equally cogent arguments 
for declassification. We can’t get the increased 
nongovernmental participation that’s wanted by 
working in darkness. To make its own decisions 
and to offer constructive guidance to AEC, 
industrial management needs, in addition to 
reactor technology, information that will shed 
light on basic problems that the industry faces— 
insurance, health and safety, reactor codes, etc. 


Goa FROM THE inevitability that the rest of 
the world will not stand still in the nuclear 
field, there is ample justification for a major 
declassification. A bold decision will bring 
bold progress in international relations and 
peaceful nuclear technology. 





Using Tracers 


in Refinery 


ontrol 


Flow rate, volume, flow pattern, effi- 
ciency of separation and mixing, and 
leakage—all can be determined easily 


with tracers where other methods fail 


By D. E. HULL 
California Research Corporation 
Richmond, California 


SIGNIFICANT IMPROVEMENTs in product yield and quality, 
and safer operations result from using radiotracers in 
refinery control. The radiotracer applications described 
here are only a fraction of those studied. 

Radioisotopes are valuable in petroleum refining in two 
different manners: as fixed radiation sources, and as tracers. 
Level gages are the most common use of radioactive sources 
in the refinery. Because y-rays can penetrate several feet 
of petroleum stock, plus the container walls, both source 
and detector can be installed outside the container. Many 
types of radioactive level gages (1-3) are available. 

A newer use for radiation sources is in devices for 
analyzing hydrocarbons for their C/H ratio (4) or for 
their S content (5). These are based on the different 
radiation-absorption characteristics of different elements. 

In contrast to sources, radiotracers have not been widely 
exploited as implements for refinery control. 


Tracers Used 


Most frequently the material to be traced in refining is 
a liquid stream. The tracer radioisotope should be pref- 
erably a y-emitter; its half-life must be comparable with 
test duration; and it must be physically and chemically 
compatible with what it traces. Tracers most commonly 
used are triphenylstibine containing Sb'*4 and Co®- 
naphthenate for oil streams, and Cs'**salts for water 
streams. For solid-material tracing, Zr®® is used. Its 
refractory properties mean that cracking catalyst can be 
traced. Gas tracers would be very useful in refinery tests, 
but no completely satisfactory isotope is available. 
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| : 1—Flow Rate by Integral Count 


Trocer Scoler N Counts 
Trover color}. 100 | 
A millicuries 
Counter 





*\ bl 





Borrels 
V Second 





a / Millicuries NV 
Second Barrel ACS 


Measuring Flow Rates 


In the continuous processing that is the backbone of 
present-day refining methods, flow-rate knowledge and 
control are essential. 

Two-point method. The general method (Fig. 2) for 
measuring liquid or gas flow rates is timing a surge of tracer 
between two points separated by a determinable volume 
(6). This condition is most easily satisfied on a straight 
section of pipe of known dimensions, free from branch con- 
nections. The radiotracer is injected quickly, at a point 
close to the section where it will be timed, so that sharply 
defined peaks in counting rate are obtained as the tracer 
passes the counters. The counters at the two points are 
connected together into a single amplifier so that they both 
record on the same chart. The volume between the two 
points, divided by the time between peaks, gives the flow 
rate directly. 

Integral-count method. A new tracer method (Fig. 1) 
for flow uses but one detector and eliminates the need 
to know the volume between two points (7). It is based 
on the principle that the integral number of y-rays regis- 
tered by a G-M counter on a pipe passing a definite 
quantity of radioisotope is inversely proportional to flow 
velocity. This integrated count is independent of the 
variation in isotope concentration along the stream, as long 
as the flow rate is constant. This principle can be demon- 
strated mathematically; it was first experimentally vali- 
dated in field pipeline tests. A given batch of tracer, 
observed at points so far apart that extensive spreading 
had occurred during transit from one to the other, was 
found to give the same total number of counts while pass- 
ing each point. 

To translate the integral count into an absolute determi- 
nation of flow rate, it is necessary to calibrate the counting 
set-up on the particular type and size of pipe involved. 
This is done by filling a cut section of the pipe with a radio- 
tracer solution at known concentration and measuring the 
counting rate on a counter tube attached to the pipe in the 
same way as in the field measurements. The dimensions 
of this calibration factor, F, are 


F = (counts/sec) + (me/barrel) 
These can be transposed into 
F = (counts/mc) X (barrels/sec) 
With the calibration factor known, a measurement of the 
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2—Flow Rate by Peak Timing 


Raotemeter Recorder 








integral number of counts during passage of a known num- 
ber of millicuries permits calculating the flow rate in 
barrels per second. 

Solid flow rate. Timing a burst of counts is also used 
in measuring solid flow rates in circulating-catalyst systems 
as sketched in Fig. 3 (8). In the catalytic-cracking process, 
catalyst beads accumulate coke and are reactivated in a 
furnace. In this continuous cycle, circulation speed must 
be controlled. No satisfactory instrument has been avail- 
able for gas-lift plants. Circulation speed now is measured 


Measuring Volume 

Liquid volume in a closed system may be difficult to 
calculate from container dimensions, or, because of foaming 
or a turbulent surface, calculated volume may not corre- 
spond to liquid volume. A radiotracer can be used if there 
is a mixing action, either by external circulation or by 
internal stirring. 

For example, H.SO, volume is desired in an alkylation 
plant where extensive intermixing between acid and hydro- 
carbon prevents a well-defined level from forming (7). 
Volume is found by adding a known quantity of Cs" in 
H.SO,. After the tracer is mixed in, a sample is drawn 
out and counted in comparison with a standard prepared 
by dilution. From tracer concentration and total quan- 
tity added, total volume of H.SO, is found. 

Exponential method. Another method is applicable to 
tanks through which there is a known, constant flow. 
(See Fig. 4.) A tracer batch is put into the incoming line. 
Mathematical treatment, assuming complete mixing of 
the incoming stream with the vessel contents, predicts that 
tracer concentration in the tank falls off exponentially with 
a rate determined by throughput, R, and volume, V, as 
follows 


dinC R 
ae 


where C is the counting rate. 

The alkylation plant also has been checked by this 
method (7). Sample radioactivity at various times is 
measured and plotted on semi-log coordinates. Known 
throughput rate divided by slope of this plot gives acid- 
phase volume. 
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3—Flow Rate in Catalytic Cracker 




















reliably in several such plants using tracer beads impreg- 
nated with Zr®®. The seal leg is surrounded by two rings 
of G-M counters. A radioactive bead passing these de- 
tectors produces two bursts of counts, about a minute 
apart. Dividing the calculated seal-leg capacity by the 
time interval gives catalyst circulation rate. This method 
does not give continuous readings because it depends on 
individual beads randomly spaced. However, two or 
three radioactive beads in a total of perhaps 20 X 10° give 
readings with satisfactory frequency. 
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Circulating-loop volume. Volume of a circulating-loop 
system can be determined by still another method, in case 
mixing is slow compared to circulation rate. A concen- 
trated slug of tracer, quickly injected, is observed in re- 
peated cycles. Time between successive tracer-peak 
appearances, multiplied by circulation rate, gives the total 
volume of the circulating liquid. This is illustrated in the 
vacuum-distillation-column trace on Fig. 5. Part of the 
tracer was returned repeatedly through a recycle line. 
The initial peak was followed after an interval by an 
attenuated peak. After three or four circuits, the tracer 
peaks were spread out and merged into the background. 

This principle also has been applied to determining total 
quantity of catalyst in the catalytic cracker. Average 
time required for a complete circuit through the system 
multiplied by the flow rate (determined from the same 
beads, as described above), gives total quantity. 
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Tracing Flow Patterns 

Petroleum-stock movement in refining operations fre- 
quently follows a complex pattern. Sometimes relative 
partition of a stream among two or more paths may be a 
matter of some technical or economic importance about 
which quantitative information is difficult to obtain. In 
this situation, radiotracers can be used advantageously to 
gather the information. 

Flow distribution in a large vacuum-distillation column 
(9) was investigated as shown in Fig. 5. Each distillation 
tray is divided by baffles into eight channels. Overhead 
stream color, plus the presence of heavy metals, raised the 
suspicion that bubble caps in some trays were not flooded, 
permitting unwashed vapor to carry entrained liquid up 
the column. Such partial flooding could be caused by 
nonuniform liquid flow over the trays. Flow uniformity 
was tested during operation by injecting radioactive 








Scaler 








Tracing Tar Entrainment 

In contrast to the wide and varied radiotracer applica- 
tions to operations that involve stock movement or mixing 
(see the section on ‘‘ Determining Mixing”’ on next page), 


20 


triphenylstibine into the column. After the injection the 
response of eight G-M counters was observed simultane- 
ously. Each was attached outside the column opposite 
one of the eight channels on a single tray. Four of the 
counters, on one side of the column, showed a strong re- 
sponse as the tracer flowed down; the other four, on the 
opposite side, showed little or no response. The conclusion 
was that liquid was flowing over the trays on only one side, 
leaving the bubble caps on the other side open to pass 
unscrubbed vapor up the column. 

Solid flow pattern. Tracer applications in catalytic- 
cracking plants have yielded valuable operating data that 
could not be obtained in any other way. Catalyst-bead 
flow patterns have been determined with radioactive beads 
(7). Effectiveness of an intricate baffle system in pro- 
moting uniform flow through a large sloping pipe at the 
bottom of a furnace in one cracker (Fig. 3) was a disputed 
subject. 

The controversy finally was settled by placing a pair of 
G-M counters, one at each end of the pipe, successively on 
the top, on the bottom, and on each side of the pipe and 
observing the speed and relative number of radioactive 
beads that followed these paths. The great difference in 
speed and number of transits between the different paths 
showed that the baffles did not serve their intended 
function. 

In the same plant, relative load carried by the gas lift 
through three parallel pipes was measured by attaching 
the counters in turn to each of the pipes and observing the 
number of radioactive bead transits for several hours. 

In a large regenerating furnace in a similar plant, tracer 
beads were introduced in different paths near the periphery. 
Differences in bead flow rate down the furnace sides were 
noted and used as a basis for adjusting bottom orifice plates 
to obtain more uniform flow. 


only a few applications have been made to operations in 
which petroleum-stock components are separated. One 
study (Fig. 6) using this kind of tracer application was of 
tar entrainment in evaporator and distillation-column 
overhead streams. Tar cannot be tolerated in refined 
products; also, it nust be excluded from furnace-tube feed 
to reduce coke formation and increase the plant oper- 
ating time. 

A plant-scale test was made of tar entrainment in an 
evaporator in a thermal-cracking plant (7). Co®-naph- 
thenate, as a tar tracer, was injected in a short surge into 
the evaporator feed. A counter attached to the pipe 
carrying the still bottoms to the tar tanks recorded the 
activity of the bulk of the radiocobalt. Another counter 
attached to the overhead stream from the evaporator 
showed the cobalt activity in that stream. By integrating 
the counts on both streams and making corrections for the 
different flow rates, a quantitative measure was obtained 
of how much tar was going into the distillate. Values 
ranging from zero up to a few per cent, depending on 
operating conditions, were found. 
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Determining Mixing 

Stock blending is a refining operation that has been fol- 
lowed widely with radiotracers. A radioisotope is in- 
corporated in one component of a blend, and mix activity 
is observed by sampling or by placing a counter in the 
mixture. Large fluctuations diminish until constant 
activity is reached, showing that mixing is complete. 

A study of mixing in a 50,000-barrel surge tank in a 
thermal-cracking-plant feed line illustrates the technique 
(7). Feed comes from two sources and varies in viscosity 
and other properties. Tank contents are mixed by pump- 
ing the liquid through a side loop at 10° barrels/day. 
Surge-tank effectiveness in minimizing feed variations was 
studied (Fig. 7) by injecting Sb'*“tripheny! into the intake 
line and watching the activity at the loop and the outgoing 
line. The tracer was introduced into the tank in a volume 
of 50 barrels. During 5.5 hours, 13.1% of the labeled 
batch left the tank, compared with 17.0% expected. How- 


Leak Testing 


Diversion of any liquid stream from one channel to 
another can be detected readily with radiotracers. Under 
the proper conditions such leaks can be measured quantita- 
tively. Leakage between cross-streams in a heat exchanger 
(Fig. 9) offers an excellent example of this technique (7). 

Tracer is introduced in a short surge into the heating- 
stream inlet. G-M counters are attached to the exit pipes 
of both the heating medium and process streams. Appear- 
ance of a tracer wave at the counter on the process stream 
indicates a leak. Leak size is measured by the number of 
counts in this tracer peak compared to the other peak. 
Leaks of a few tenths of 1% are detectable. 
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ever, fluctuations of 0-0.22 % of labeled batch in the effluent 
showed that mixing was considerably less than ideal. 

Tar in crude stills. In another refinery application, 
segregation of tar bottoms from different crudes fed to a 
distillation battery of four stills in series was studied (7). 
When switching to a new crude, Co-naphthenate was 
added to the feed. The tar line leaving the battery was 
monitored for several days with a G-M counter. Activity 
began to appear in the outgoing stream only two hours 
after injection; whereas, if the stocks had followed a piston- 
displacement pattern through the stills, it should have been 
delayed for 21 hours. The tracer spread out into a broad, 
diffuse wave, with a peak at 14 hours and a tail persisting 
into the third day. The curve expected if complete mixing 
occurred in each still (Fig. 8) closely approximated the 
observed data, showing that the mixing was not much 
short of ideal. Thus, it was not possible to effect the 
desired sharp break between tars from the two crudes. 




















Many of the processes described in this 
paper are patented or patent applications have 
been filed on them. This article is based on a 
paper presented at the Berkeley, Calif. meet- 
ing of the American Association for the Ad- 
vancement of Science, December, 1954. 
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AEC’s License Requirements and 


WHEN the Atomic Energy Act of 1954 became law on August 
30, 1954, the U. S. Atomic Energy Commission was given the 
major responsibility of being the regulator of an important new 
industry. Now, nine months later, AEC is in the process of 
nailing down the regulations that will govern this industry. 


In February, AEC said it would divide its regulations into 
eight parts: special nuclear material, production and utilization 
facility licenses, operators’ licenses, radiological health and 
safety, security, control of source materials, control of byproduct 
materials, and rules of practice. 


Last month, the Commission held closed-door conferences with 
representatives of the utility industry, power equipment manu- 
facturers, chemical companies and research organizations to 
discuss drafts of regulations on the first three parts listed above. 


Although at this writing these regulations are not yet in final 
form, NucLEontcs feels it 1s important to its readers to be aware 
of AEC thinking on such an important matter and so presents 
here significant excerpts from the drafts. It is expected that 
the first final proposed regulations will be published in the 
Federal Register this month. Industry then has 30 days for 
additional comment before the regulations become effective. 


In general, except for the material reported on below, AEC 
has repeated verbatim in its regulations requirements contained 
in the law itself. 


Operators’ Licenses 


Definitions 


Controls. Those controls of a pro- 
duction or utilization facility which 
by manipulation or failure to manipu- 
late singly or in combination, could 
result in the release of atomic energy 
or radioactive material in amounts 
sufficient to cause danger to the health 
and safety of the public. 

Operator. Any person who ma- 
nipulates the controls of any facilities. 
A person is deemed to manipulate a 
control if he (a) decides when or how 
to move the control and (b) makes the 
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movement of the control himself or 
directs another person to make such 
movement. A making the 
movement of a control pursuant to 
direction is not deemed to manipulate 
a control unless he exercises discretion 
as to when or how to move the control. 


person 


Applications 
Among other 
must contain: 
1. The controls of the specific facility 


things applications 


or class of facility for the operation of 


which the applicant seeks the license. 


2. The facility at which the appli- 
cant proposes to be tested for operating 
proficiency and its consent to the test. 

3. Evidence that the applicant has 
learned to operate the facility in a 
competent and safe manner. Ordi- 
narily AEC will accept a certification 
under oath of an instructor or super- 
visor responsible for the safe operation 
of the facility in question. 

The applicant will also have to fur- 
nish a report of a medical examination. 


Operating Test, Written Exam 


The applicant must present evidence 
that he has learned to operate the 
facility in a competent and safe 
manner. There will be a test on: 

1. The applicant’s understanding of 
and familiarity with the following 
aspects of the facility: general design 
and operating characteristics, control 
and safety mechanisms, all control- 
station instrumentation, radiation pro- 
tection monitoring system and radi- 
applicable to the 
shutdown 


tolerances 
emergency 


ation 
facility, and 
system. 

2. The applicant’s aptitude for read- 
ing and interpreting the control in- 
strumentation of the facility and for 
manipulating the control equipment of 
the facility in a safe manner, and the 
applicant’s knowledge of how to oper- 
ate the facility, including operation 
under emergency conditions. 

AEC will waive this test if the 
applicant has operated the controls of 
a substantially similar facility and has 
discharged his responsibilities in a 
competent and safe manner. Ordi- 
narily AEC will accept a certification 
of a previous supervisor on this. 


Licenses 


A license granted will be limited to 
the facility or class of facility for which 
those controls 


it is issued and to 


specified in the license. 


April, 1955 - NUCLEONICS 





Regulations 


Special Nuclear 
Material Regulations 


Exemptions 


Common carriers and contractors to 
the AEC are exempt from license 
requirements. 


Contents of Applications 


1. Proposed use of special nuclear 
material and the applicant’s general 
plan of use or investigation, including 
place of proposed use. 

2. Period of time for which license is 
requested and date of first delivery 
under the license. 

3. General plan of how and where 
licensee proposes to use or generate 
special nuclear material, proposed 
supplier of the material, and the person 
to whom he proposes to transfer the 
material when he is finished with it. 

4. Amounts, types and specifications 
including chemical and physical form 
and (where applicable) isotopic con- 
tent of special nuclear material which, 
during the period of the license he 
proposes: (a) shall be furnished by AEC 
or other licensees, (b) shall be generated 
by him, (c) shall be required for in- 
ventory, (d) shall be transferred to 
AEC or other licensees by him. 

5. (a) Approximate date on which 
applicant desires to receive initial 
shipment of special nuclear material, 
and estimated schedule by years for 
subsequent receipts; (b) estimated 
schedule by years for generation, 
burnout and operating losses of specia! 
nuclear material; and (c) estimated 
schedule by years for the transfer of 
special nuclear material to AEC or to 
other licensees. 

6. Technical qualifications, including 
training and experience, of applicant 
and members of his staff, to possess 
and use the special nuclear material 
in such manner as to protect health 
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Industry Says 
They’re Workable 


To evaluate industry's reaction to the regulations, NUCLEONICS 
queried some of the representatives attending each advisory con- 
ference. Talks with AEC officials showed why industry is pleased. 


INDUSTRY: Regulations are “‘very good job,” “‘drawn as liberally 
as law would allow,” ‘‘well thought out and livable from industry 
standpoint,” “general philosophy is quite enlightened.” But 
“lots of minor changes to be made,” “normal amount of modi- 
fication necessary,” “‘administration will determine workability.” 


AEC: Basic philosophy was to write minimum regulations con- 
sistent with law. It's easier to add than to amend later. 
Changes are being made in line with industry comment. Rules of 
practice governing administration will be among first regulations 
published. 


INDUSTRY: How fuel fabrication will be licensed isn't clear— 
license should be more general, shouldn't require restrictive 
design data that would dictate license for each fabrication job. 


AEC: Being considered in redrafting final regulations. 


INDUSTRY: Safety requirements could hinder development of 
advanced reactors, especially if misapplied. 


AEC: Won't force industry to follow its ideas about reactors. If 
standards set up to protect public are met, any type is acceptable. 


INDUSTRY: What standards will be used for measuring special 
nuclear material used? Will payment for material produced be 
in a lump sum? Can special material be transferred among 
licensees? If so, who pays for what? 


AEC: Problems will have to be worked out by experience. License 
sets amount available from all sources during life of license, 
guarantees AEC deliveries on estimated schedule. But schedule 
and total can be amended up or down to meet needs of going 
plant. Material used could be estimated from power-level 
records, etc. Yearly payment on estimated figures would be 
allowed, with adjustment when fuel is returned to AEC; this 
would save licensee interest charge and allow better tax dis- 
tribution. Transfer among licensees would have to be allowed 
for fabrication, etc., but exact procedures for keeping track of 
material haven't been worked out yet. 


INDUSTRY: An apprentice program might help in_ training 
operators. 

AEC: Operators can be trained under direct supervision of a 
licensed operator; present definition involving judgment makes 
this possible. 


INDUSTRY: Exemption of carriers puts responsibility during ship- 
ment on licensee. Common industrial practice is for carrier to 
accept responsibility. 
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and to minimize danger to life or 


property. 

7. Description of equipment and 
facilities that will be used by the 
applicant for the protection of health 
and safety (such as handling devices, 
working areas, shields, measuring and 
monitoring instruments, devices for 
disposal of radioactive wastes, etc.). 

8. Proposed procedures for moni- 
toring and health and safety protection, 


and proposed procedures to avoid: 


accidental conditions of criticality. 


Licenses 


AEC will include in 103 and 104 
licenses appropriate provisions estab- 
lishing the availability to the licensee, 
as needed, of the amount of special 
nuclear material required for operation 
of the facility during the period of the 
license, including an estimated schedule 
for a reasonable period of time of 
special nuclear material deliveries to 
the licensee and of special nuclear 
material returns to the AEC. 


Acquisition, Use and Transfer 
of Special Nuclear Material 


Any special nuclear material pro- 
duced by a licensee, in connection with 
or as a result of use of special nuclear 
material received under his license, 
shall be subject to the license. 

Return of material. Except as 
otherwise provided in his license, each 
licensee shall deliver all special nuclear 
material in his possession at the 
expiration of the license to the Com- 
mission. Such delivery shall be made 
to such office of the Commission and 
shall be effected by such mode of 
transportation and under such safe- 
guards to conserve and protect the 
special nuclear material, and to protect 
health and minimize danger to life or 
property, as may be required by the 
license or applicable rules, regulations 
or orders of the Commission. 

Licensees’ responsibility. Each li- 
censee shall be responsible for and 
shall reimburse the Commission for 
any loss of, or damage to, special 
nuclear material occurring from the 
time of delivery of such material to 
the licensee or to a carrier for delivery 
to the licensee and until such material 
has been returned to the Commission 
by physical delivery at the laboratory, 
plant or office designated by the 
Commission. 

Records. 
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Each licensee shall keep 


records showing the receipt, use, 
storage and shipment of special nuclear 
material. 

Reports of accidents. Each licen- 
see shall immediately report to the 
Commission (a) any case of accidental 
criticality; (b) any accident, fire or 
explosion arising from the transpor- 
tation, handling or use of special 
nuclear material, which results in (1) 
a critical or fatal personal injury, 
(2) injury causing loss of working time 
to five or more persons, (3) exposure of 
person to nuclear radiation or 
radioactive material sufficiently serious 
to warrant hospitalization for obser- 
vation or treatment, or (4) where there 
is accidental spread of radioactivity re- 
sulting in an estimate of $5,000 or more 
for decontamination or for replacement 
of items of equipment that cannot be 
satisfactorily decontaminated. 

Reports of losses. Each licensee 
shall immediately report to the Com- 
mission any loss of special nuclear 
material. 

Tests. Each licensee shall perform, 
or permit the Commission to perform, 
such tests as it deems appropriate or 
necessary for the administration of the 
regulations in this part, including, but 
without limitation upon the generality 
of the foregoing, tests of (a) special 
nuclear material, (b) facilities wherein 
special nuclear material is utilized, 
produced or stored, (ce) radiation 
detection and monitoring instruments, 
and (d) other equipment and devices 
used in connection with the production, 
utilization or storage of special nuclear 
material. 


any 


Licensing of 
Production and 
Utilization Facilities 


Definitions 


Production facility. (a) Any re- 
actor designed or used primarily to 
produce Pu or U?%8; (b) any facility 
designed or used for the separation of 
U or Pu isotopes, except facilities 
designed and used for research, de- 
velopment or analytical purposes only; 
(ec) any facility designed or used for 
the chemical, physical or metallurgical 
processing of special nuclear material 
or irradiated source material, except 
facilities designed and used for re- 
search, development or analytical pur- 
poses only. 


Utilization facility. Any nuclear 
reactor other than one designed or 
used primarily to produce Pu _ or 
U 233, 

(Nore: AEC has not yet done so 
but may also include as a facility “‘an 
important component part especially 
designed for a facility.’’) 

Source material. Only those ores 
that contain by weight 0.05% or more 


of U, Th or any combination thereof. 


Exemptions 


Activities that normally will require 
licenses will not need them when the 
work is done for AEC under contract. 

Common carriers will generally not 
require licenses. 


Construction Permits 


A construction permit will be issued 
preliminarily to the of a 
license, for the construction or modi- 
fication of a production or utilization 
facility, and will be converted upon due 
completion and AEC action into an 
appropriate license. 


issuance 


Contents of License Applications 


Among other things, the following 
technical information will be required 
in license applications: 

1. A description of the chemical, 
physical, metallurgical or nuclear proc- 
ess or processes to be performed in 
sufficient detail to permit evaluation 
of the radioactive hazards involved, 
and a statement of the quantity and 
kind of any radioactive effluent result- 
ing from the process. The magnitude 
of the proposed operation should be 
indicated in terms of amount or 
radioactivity of source, special nuclear 
or by-product material to be handled 
per unit of time, and thermal power to 
be generated, if any. 

2. A description of proposed oper- 
ating procedures for both routine and 
nonroutine operations; the start-up 
and shut-down procedures; the pro- 
cedures, such as locked controls, check 
lists, and close supervision, to minimize 
operational mishaps; the procedures to 
report and investigate unusual or un- 
expected incidents; and other 
details as are useful in evaluating the 
radioactive hazards of his operation. 

3. A description of the physical 
facilities in which the applicant pro- 

(Continued on page 26) 
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ACCESS AGREEMENTS: 


What They Are, How to Get One 


Any firm or individual who wants to explore the data 
AEC has placed in the L-classification (gray area) category 
but doesn’t have an AEC license must enter into an agree- 
ment with AEC for access to this data. AEC’s Division 
of Reactor Development is setting up a standard format for 
access applications and agreements. Here is a digest of 
present forms. Changes are still being considered. 


Application 


When applying for an access agreement, you submit six 
signed copies of the standard form agreement for access 
discussed below. You also support your application by 
providing AEC with information showing why you want 
an agreement, what you intend to do under it. It’s impor- 
tant that you show a need for L-classified information; 
perhaps the best way of doing this is to tell AEC what 
unclassified information has already been studied. 

The following information is called for in the sample 
application provided by the AEC Division of Reactor 
Development: 

1. Type of work regularly conducted. 

2. Size of organization (annual volume of business, 
total assets, and total number of full-time employees). 

3. Description of research, development and engineering 
facilities, and work conducted. 

4. Size and composition of staff engaged in work. 

5. Civilian applications of reactor technology in which 
applicant is interested and relationship of these to present 
regularly conducted work. 

6. Specific undertakings to be pursued under agreement. 

7. Familiarity with reactor technology (describe briefly 
extent of knowledge of classified and unclassified data and 
any previous work done in field). 

8. Current work under Federal government contracts 
or subcontracts involving reactor technology (identify 
each contract by agency and number and describe nature 
and scope of work under each). 

9. Number and types of employees for whom access to 
information will be requested, with estimate of approxi- 
mate portion of time each type will engage in reactor 
technology work. 

10. Facilities for protection of classified information you 
now have or would install (types of safes, guard or watch- 
man services, alarm systems, provisions for preventing 
access to classified data by uncleared persons). 

11. Is your organization owned, controlled, or domi- 
nated by an alien, a foreign corporation, or a foreign 
government? 

Address your application to W. Kenneth Davis, Direc- 
tor, Division of Reactor Development, AEC, Washington 
25, .D. C. 


Agreement 


The agreement granting access applies only to work 
done, and developments, inventions or discoveries made 
by the contractor based in whole or in part on AEC infor- 
mation not generally disseminated to the public. Terms 
include: 

1, Purpose and scope. Based on application informa- 
tion and AEC negotiation with contractor, this section 
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will delineate what information is needed, what will be 
done with it. 

2. Assistance of others. The contractor can use the 
services of other organizations and persons subject to 
other terms of agreement. If second party has AEC con- 
tract or subcontract, arrangement must be consistent with 
it and with AEC policy 

3. Term. Date for end of agreement is specified, but 
extension is possible by mutual agreement. (AEC told 
Joint Committee that access agreements would be written 
on one-year basis.) 

4. Costs. In general, any costs incurred by AEC in 
providing information or services, including consultation, 
will be paid by contractor. AEC will establish service 
charges and payment procedure. 

5. Reporting. When agreement ends, contractor has 
to give AEC summary of how it used information, what 
developments it made, what recommendations it has. 
AEC can distribute reports “as it sees fit,” but AEC told 
Joint Committee it would not disseminate information re- 
garding confidential aspects of participant’s work. AEC 
can also ask for information and data connected with work 
at any time. 

6. Security. A maximum is set on the number of 
clearances AEC will provide, but this is subject to modifi- 
cation by mutual agreement without formal amendment 
of agreement. Contractor is made responsible for classi- 
fied material in his possession, and agrees to abide by AEC 
security and clearance regulations. 

7. Information. AEC’s decision as to what information 
is pertinent or available under the agreement is made con- 
trolling in case of disagreement. 

8. Consultation. AEC will provide briefing sessions 
for contractor representatives in conformance with its 
procedures. Visits to AEC offices, laboratories and 
plants, and those of its contractors, are possible when 
requirements cannot be met by briefing and available 
reports. 

9. Indemnification. AEC and its contractors are held 
harmless with respect to any claims, including awards, 
that arise out of any use made of information provided 
or out of any inaccuracies in the information. 

10. Patents. Inventions or discoveries made in the 
course of work under or connected with the agreement 
must be reported to AEC. The contractor will retain at 
least an exclusive (except for Government), irrevocable, 
royalty-free license, with sole right to grant sublicenses, 
for all purposes other than production or utilization of 
special nuclear material or atomic energy; and a non- 
exclusive, irrevocable, royalty-free license for such use. 
Title and additional rights shall be determined by AEC 
after consultation with contractor. 

11. Public statements. Any time contractor refers to 
AEC or AEC-sponsored activities in public statements 
about its private reactor development work, the state- 
ments must be submitted to AEC for review and comment 
before being issued. 

12. Termination. Either AEC or the contractor can 
terminate agreement by giving at least 30-days prior 
notice. AEC can terminate the agreement without prior 
notice for cause, such as violation of security requirements, 








Other Regulations 


Only the three licensing regulations have been reviewed by in- 


dustry at AEC advisory meetings. 


being prepared stand: 


1 RULES OF PRACTICE. 


published in the Federal Register. 


Here's where other regulations 


Will be in the first group of regulations 


It will spell out the mechanics 


of licensing and AEC operations under the regulations, which are 
not detailed in individual regulations. 


2 HEALTH AND SAFETY. 


Approaching final draft form. 


Require- 


ments are based on National Bureau of Standards handbooks, 


primarily Handbooks 52 and 59. 


Follows Handbook 52 in limit- 


ing public exposure to 10% of stated permissible values, occupa- 


tional exposure to three times values. 


Higher exposures must be 


reported to AEC, exposures above one-quarter permissible require 


wearing dosimeters and must be recorded. 


Overexposure is not 


prohibited per se: possible need for overexposure in emergency is 
recognized and licensee can be expected from exposure require- 
ments for specific job if employee is then allotted radiation-free 
job long enough that average exposure is within maximum per- 


missible. 


3 SECURITY. 


4 SOURCE MATERIALS. 


Still being drafted. 


No major changes contemplated from 


regulations that were written under 1946 Act. 


5 BYPRODUCT MATERIALS. 


No major changes contemplated from 


regulations, written under 1946 Act, that governed radioisotope 


distribution. 


poses to perform the above-mentioned 
processes. The description should be 
based on the design criteria for the 
facility as a whole and for those major 
component parts which are essential 
to the safe operation of the facility, 
and should be presented in sufficient 
detail to allow an evaluation of the 
adequacy of the various means pro- 
posed to minimize the probability of 
danger from radioactivity to persons 
both on and off-site. The description 
should cover any activities, other than 
those subject to license, to be carried 
on in the building which will house the 
facility. 
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4, A physical description of the site 
on which the facility is to be located. 
This should inelude (a) a map of the 
area, showing the location of the site 
and indicating the use to which the 
surrounding land is put, i.e., industrial, 
commercial, agricultural, residential, 
etc.; and (b) a scale plot plan of the site 
showing location of the 
facilities proposed to be used. 

5. Meteorological, hydrological, geo- 
logical and seismological data necessary 
in evaluating the potential hazards to 
the public that may result from proc- 
esses, procedures and physical facilities 


proposed 


prop sed. 


6. An evaluation of the radioactive 
hazards which may result from the 
applicant’s proposed operation. This 
evaluation should give full recognition 
to any and all degrees of radioactive 
hazard which can possibly be associ- 
ated with, or result from, the proposed 
operation. It should consider those 
hazards in their relationship to the 
various protective devices which are to 
be incorporated in the facility, the 
operational procedures which are to be 
followed, and the pertinent features of 
the site. It should enumerate those 
accidents that can result from oper- 
ational mistakes; equipment or instru- 
ment failure or malfunction; fire; and 
occurrences beyond the control of the 
applicant, such as electric power 
failures, floods, earthquakes, storms, 
strikes, riots, and enemy action. The 
evaluation should include an estimate 
of the consequences of any such accident 
that releases atomic energy or radio- 
active material, an estimate of the 
probability of any such accident oc- 
curring, and an estimate of the danger 
to health and safety of the public that 
would result from any such accident. 

7. A description of on-site and off- 
site programs for collection of data on 
changes in background radioactivity. 

To aid the Commission in identifying 
the controls at which licensed operators 
will be required, a tabulation of all con- 
trols that are subject to routine or in- 
termittent activation by any persons 
and that, by manipulation or failure 
to manipulate, singly or in combina- 
tion, could result in the release of 
atomic energy or radioactive material 
in amounts sufficient to cause danger 
to the health and safety of the public, 
and an estimate of the number of per- 
sons to be licensed as operators. 

If electric energy is to be generated 
and distributed under a 103 license, 
the amount of energy involved shall be 
indicated (plus information on regu- 
latory bodies and distributors affected). 

The earliest and latest dates for 
completion of the construction or 
modifications. 


Information Reporting 

Where a licensee receives financial 
or other assistance from the AEC he 
may be required to furnish technical 
information and data for purposes 
other than that which the AEC deems 
necessary ‘‘to protect the common de- 
fense and security and the health and 
safety of the public.” 
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NUCLEONICS DATA SHEET No. 2 


Isotope Calculations 
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FIG. 1. Direct-coupled amplifier 


D-C Amplifier for Reactor Control 


Direct-current amplifiers that give output voltages proportional to the small 


currents from ionization chambers are desired for supplying many-decade read- 


ings of reactor power level and to start quick shutdown automatically if power 


rises too high. 
zero-drift. 


Available models have either slow response or excessive 
This improved amplifier combines low drift and fast response 


By E. J. WADE and R. S. STONE, Knolls Atomic Power Laboratory,* Schenectady, N. Y. 


A NEWLY DEVELOPED d-c amplifier for 
reactor control combines the good fea- 
tures of direct-coupled and vibrating- 
capacitance amplifiers without their 
shortcomings. 

Both the direct-coupled and vibrat- 
ing-capacitance types of amplifiers can 
detect extremely small currents; com- 
mercial models have been used for 
reactor control and monitoring. But 
each type has an undesirable character- 


* Operated by the General Electric Co. 
for the United States Atomic Energy Com- 
rnission. 
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istic that decreases its usefulness for 
reactor control. 

The direct-coupled type can have a 
sufficiently fast response time over the 
desired range of input currents, but 
excessive zero drift is caused by any 
change in contact potential, supply 
voltages, or component values. With 
careful cleaning and hermetic sealing, 
this drift can be made extremely small 
in a vibrating-capacitance amplifier, 
in which zero-drift depends only on 
the change in contact potential of the 
vibrating capacitance. But its re- 
sponse time is severely limited since 


the output signal must be filtered to 
remove the carrier frequency. 


Description 

The new amplifier consists of a 
direct-coupled amplifier whose open 
loop gain exceeds 10°. This amplifier 
is fed back, negatively, through a range 
switch in which the feed-back factor, 8, 
and the feed-back resistor, R, can be 
varied so that the output voltmeter 
sensitivity can be varied ‘n half-decade 
steps from 10-™ amperes full scale to 
10-* amperes full scale. 

The range is limited on the low end 
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by the grid current of the input elec- 
trometer tube, which is of the order of 
10-'* amperes or less. On the high 
end, it is limited only by the number of 
feed-back resistors incorporated in the 
range switch. This type of feedback 
degenerates the input resistance of the 
amplifier by a factor of 1 + A8. Thus, 
the response time of the amplifier is 
sufficiently fast to provide effective re- 
actor protection. 

The error voltage of the direct- 
coupled amplifier is converted to 120 
cycles by the vibrating capacitance 
and, after amplification, rectified and 
filtered with an over-all gain of 2,000. 
The output voltage of this amplifier is 
then applied to the second grid of the 
differentially connected input stage of 
the d-c coupled unit. Although this 
amplifier has little effect on the speed 
of response of the amplifier system, it 
essentially provides a zero-drift input 
stage for the amplifier and degenerates 
the drift of the direct-coupled unit. 

Direct-coupled amplifier. Figure 1 
schematically shows the direct-coupled 
amplifier, which uses a balanced input 
stage with type-5889 electrometer 
tubes. The screen grid supply is ob- 
tained from the cathode of the follow- 
ing stage. This method of local nega- 
tive feedback provides an extremely 
mode of operation without 
the over-all of the 


stable 
affecting 
amplifier. 

The second stage is balanced and 
directly coupled to the third stage, 
which is a differential amplifier. Cou- 
pling to the output cathode follower is 


gain 


FIG. 3. Trip signal amplifier 
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FIG. 2. Vibrating-capacitance amplifier 


provided by a constant-current tube 
with a l-megohm resistor bypassed by 
100 wuf in its plate circuit. This cir- 
cuit provides essentially unity coupling 
over the desired frequency range. 

The output cathode follower pro- 
vides three signals. A 0-1 milliampere 
signal to supply the 0-10-volt panel 
meter and the external recorders. A 
second output signal is for the trip 
amplifier, and a third signal gives nega- 
tive feedback to the input. 

The feed-back signal is fed to a high 
impedance range switch. This switch 
provides three feed-back factors, 1.0, 
0.25, and 0.1, and five feed-back re- 
sistors, R, varying in decade steps from 
10"! to 107 ohms. The switch is wired 
so that full-scale meter sensitivity is 
varied from 10-'! amperes to 10~* 
amperes in about half-decade steps. 
This switch also has a blanking contact 
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that prevents operation of the trip 
amplifier when the amplifier sensitivity 
is being switched. 

Vibrating-capacitance amplifier. 
The input signal to the direct-coupled 
amplifier also is fed through a 22- 
megohm resistor to the vibrating 
capacitor—a unit developed by the 
Beckman Instrument Corporation. Its 
circuit is shown in Fig. 2. The low- 
impedance side of this capacitor is re- 
turned to a potentiometer used to bias 
out the contact potential. The driving 
voltage for this vibrating capacitance 
is obtained from the 60-cycle amplifier 
filament supply. The 120-cycle signal 
generated by this vibrating capacitance 
is coupled to the 6J7 input stage, which 
is operated as a starved pentode, and a 
gain of about 400 is obtained in this 
tube. The plate is bypassed to pre- 
vent amplifier saturation on fast tran- 
sients. The screen potential for the 
first stage is obtained from the cathode 
of the second stage to provide stable 
amplifier operation. 

The second output stage is resistance- 
capacitance coupled to the output 
stage. The output stage is transformer 
coupled to a phase-sensitive detector 
used as a synchronous demodulator. 
The 120-cycle reference voltage is 
generated from the 120-cycle ripple 
voltage at the input to the filter in the 
power supply. The d-c output of this 
detector is applied to the second input 
grid of the direct-coupled unit through 
a filter having a time constant of 100 
sec. The open-loop gain of the vibrat- 
ing-capacitance amplifier is about 2,000. 

Trip signal amplifier. The trip 
amplifier shown in Fig. 3 consists of a 
6AU6 pentode and 12AT7 twin triode. 
The input signal is obtained from an 
adjustable voltage divider in the cath- 
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How Improvement Is Achieved 
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For the amplifier circuit shown here, the transfer function can be approxi- 
mated by 
i 1 
ES ee 
a ee RCS 


1+ TF Au(Au + DB 


(1) 


where C. = combination of cable and chamber capacitance, R = feed-back 
resistor, €, = voltage from input to ground, €. = output voltage of vibrating- 
capacitance amplifier, I; = current from ion chamber, Ay. = gain of vibrating- 
capacitance amplifier, Aa. = gain of direct-coupled amplifier. 

Because of using negative feedback, the effective input impedance, and thus 
the response time of the amplifier, has been reduced by a factor of 1 + Aac(Ase + 
1)8. However, since the response time of the vibrating capacitance amplifier is 
slow, perhaps it is better to say that the response time of the complete amplifier is 
reduced by at least a factor of Aa. In this amplifier the gain of the direct- 
coupled unit is greater than 10°, whereas the minimum value for 6 is 0.1. 
Thus, the factor Aa corresponds to a reduction in response time of 10% over 
the un-fedback amplifier. In practice, statistical fluctuations in ionization 
chamber current at low levels make it desirable to degenerate by a factor of about 
10°. Thus, amplifier response time is limited by a small capacitance across 
the feed-back resistor R. This also tends to improve the stability of the loop. 

Another observation that should be made with regard to Eq. 1 is thot the output 
voltage at zero frequency is related to the input current by the term R/B, which 
is governed only by the ohmic value of a number of resistors. In this amplifier, 
careful choice of resistors and the use of a high-quality meter allows the reactor 
power level to be read directly to within + 2% over a six-decade range or more, 
depending on the number of feed-back resistors provided in the range switch. 

At zero frequency, it can be shown that the effects of drift in the direct-coupled 
amplifier on the output voltage are degenerated by a factor B(1 + Asc), that is 


AV ac 
i. —_—~— 2 
: B( l + Asc) ( ) 


where AVa. is an equivalent voltage change in series with the grid of the direct- 
coupled amplifier system. The effects of drift in the alternating capacitance 
amplifier are related to changes in output voltage at zero frequency as 


AE» = AV,./8 


In the combination amplifier, the effects of drift in the direct-coupled amplifier 
are minimized to the extent that these drifts are no longer detected in the output 
since the factor BAs exceeds 200. The drift of the vibrating-reed amplifier 
appears at the output of the amplifier multiplied by 1/8, or a maximum of 10. 
Thus, the only effective drift in this amplifier is the variation of the vibrating 
capacitance contact potential. A typical unit shows less than 10 wv per degree 
change in ambient temperature, which is not detectable on the 10-volt full-scale 
output meter. The net result of this type of circuitry is that we arrive at an 
amplifier that is extremely fast and stable and that shows no detectable zero-drift 
over extremely long periods of time. 
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ode circuit of the output stage of the 
direct-coupled amplifier. As long as 
the potential at this point is negative 
with respect to ground, the cathode of 
the 6AU6 is held at ground potential 
by one section of the 12AT7, which is 
connected as a diode to ground. 

The voltage at the plate of the 6AU6 
is directly coupled to the grid of the 
second section of the 12AT7, which 
acts as a cathode follower. Feedback 
from this output cathode to the grid 
of the 6AU6 is provided by a variable 
voltage divider in the output cathode 
circuit and a voltage divider composed 
of a 100-k resistor to the grid and a 
IN34 diode from grid to ground. As 
long as the cathode of the 6AU6 is 
clamped essentially at ground poten- 
tial by the first half of the output tube 
acting as a diode, the feedback through 
the output cathode tap to the 6AU6 
amplifier and back to the output cath- 
ode follower tends to hold the output 
constant. This output voltage is nor- 
mally set to 40 volts by the output 
voltage adjustment. 

As the input from the d-c amplifier 
goes positive with respect to ground, 
the diode clamp on the 6AU6 cathode 
is no longer effective. The cathode of 
the 6AU6 is carried positive, and the 
output voltage of the trip amplifier 
will start to rise. When the voltage at 
the grid of the 6AU6 becomes positive 
with respect to ground, the feed-back 
factor is greatly reduced since the IN34 
diode now begins to conduct in the 
forward direction. Thus, the gain of 
the circuit is greatly increased and the 
output voltage rises rapidly toward 
+100 volts as limited by plate supply 
voltage of the 6AU6. This voltage 
rise is used to control reactor scram. 
Plate supply of the 6AU6 is regulated 
to +100 volts by a neon tube based on 
a +40-volt point on a divider. 

This plate supply is shorted to ground 
when the range switch is moved out of 
any one of its detent positions, thus 
reducing the 40-volt output to zero. 
This disables the trip signal during the 
time that the switch is off its detent. 
Grounding the 100-volt supply is indi- 
cated on the front panel by an NE51 
in a relaxation oscillator circuit. When 
the range switch is returned to the de- 
tent position, the circuit recovers in 
about 14 sec as determined by the 
charging time of the 1-uf bypass capaci- 
tor. Thiscircuitry prevents the ampli- 
fier from producing a false scram signal 
because of switching transients. 
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The dictionary defines “patent” as 
guaranteeing exclusive use .. . 


. . » but when you get a patent 
up until 1959 on a basic atomic 
energy development .. . 


Part IV of “The Meaning of the New Atomic Law” 





. . . AEC can decide that you must 
make your invention available to 
others 


Patenting Nuclear Developments 


When Congress passed the Atomic Energy Act of 


1954, it resolved the patent debate by providing 


compulsory licensing and other checks designed 


to prevent monopoly or commercial advantage. 


Here is an interpretation of patent provisions of the 


Act, plus recommendations for overcoming what 


the author considers its shortcomings 


By W. STERLING COLE (R., N. Y.) 


Chairman, 88rd Congress, Joint Committee on Atomic Energy 


Washington, D. C. 


ALL LEGISLATION is the product of 
conflicting views and conflicting inter- 
ests which enter the legislative process. 
The resultant law alloys the features 
of each that, in the common judgment 
of the legislators, best meet the public 
interest. 

In general, the Atomic Energy Act 
of 1954 is a sound law. But in one 
area—that concerning patents—our 
attempts to reconcile conflicting view- 
points have, in my frank opinion, re- 
sulted in a most untenable situation 
satisfying no one. 

In the prior articles I have discussed 
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the intended meanings of some of the 
various sections of the Atomic Energy 
Act of 1954. In this article I will ap- 
proach the subject in a little different 
manner. In addition to explaining the 
intended purposes of the patent pro- 
visions in the Act, I shall outline some 
of the problems that remain and that, 
in my opinion, must be remedied as 
soon as possible. 

Two schools of thought were ex- 
pressed during the debates on the 
patent chapter. One would continue 
the prior provisions of the old law to 
require compulsory licensing of patents 


for those patent applications filed in 
the next five or more years. The other 
sought to achieve normalcy in patents 
as soon as possible. Recognizing, how- 
ever, that perhaps normal patents 
might be subject to misuse, which could 
arise out of the relationship a few firms 
have had with the Commission, this 
latter school, of which I am a member, 
included safeguards (other than com- 
pulsory licensing) to prevent such 
preferential advantages. 

At the last minute the provisions 
proposed by each school were fused 
into one draft of legislation in an effort 
to get the main body of legislation 
accepted by the Congress. The con- 
ferees in the last conference accepted 
this method of treating the patent 
problem on the express understanding 
that this solution was only temporary 
and the entire problem would be re- 
studied. The statement of the man- 
agers on the part of the House, which 
accompanied the final report on the 
bill, contains these words: 


“The managers on the part of the 
House reluctantly agreed to the 
inclusion of the provisions relating 
to compulsory licensing in the con- 
ference substitute. They thought 
that there was so much good in the 
balance of the provisions of the 
bill that the dispute over the pa- 
tent provisions should not further 
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delay passage in this session. The 
managers on the part of the House 
agreed to the conference substitute 
only because, as a condition prece- 
dent to their assent, they were 
assured that the patent problem 
would be fairly and fully studied 
at the next session of Congress. 
All of the members of the Joint 
Committee on Atomic Energy, who 
were consulted, agreed that the 
patent problem would be the first 
order of business to be taken up by 
the Joint Committee in the next 
session of Congress. With the 
assurance that this passage would 
not in any way foreclose further 
investigation of the House the 
managers on the part of the House 
felt that it was only proper to 
recede from their opposition to this 
one feature of the bill.” 


Peaceful applications of atomic 
energy are still in the research and 
development stage. Much needs to be 
done to make the power from atomic 
energy competitive with that from 
other sources. This development is 
urgently needed to prove to the world 
that we are not interested in atomic 
energy solely for atomic weapons—con- 
sider the catastrophic effect of Russian 
development first! At this stage it 
doesn’t seem to me to be right to throw 
away the main stimulus that has 
brought this country so far along tech- 
nically—our normal patent system. 


Patent Provisions of the Law 


Basically, the Atomic Energy Act of 
1954 (a) prohibits patents on inven- 
tions in so far as they are useful in 
atomic weapons, (b) permits the Com- 
mission to gain quick title to any pa- 
tents filed on inventions conceived 
during any relationship with the Com- 
mission, (c) permits compulsory licens- 
ing of patents in the atomic energy 
‘field, (d) prohibits patents on ideas 
that were known before and, (e) pro- 
vides standards for paying for rights 
adversely affected by patent provisions. 


Military Weapons and Reporting 

The fundamental provision of Sec- 
tion 151 is to prohibit the issuance of a 
patent on any atomic weapon. This 
provision was incorporated in the 
original Atomic Energy Act of 1946. 
However, that Act also prohibited the 
patenting of any inventions relating 
to the production of special nuclear 
material. That provision has now been 
withdrawn, and anyone who has such 
an idea can obtain a patent on it. If 
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the idea relating to the use of an atomic 
weapon is useful in other areas of ac- 
tivity besides weapons, then a patent 
is denied on the idea only within the 
weapons area. 

Section 151 of the Act requires those 
persons who have made any invention 
in the atomic energy field to file a 
patent on the invention within 90 days 
or to report that invention to the Com- 
mission. The idea behind this pro- 
vision is very simple. Production of 
special nuclear materials and the manu- 
facture of atomic weapons is so vital 
to the continued well-being of the 
United States that the Commission 
must have immediate knowledge of 
the latest discoveries so that its tech- 
niques can be kept up-to-date. It 
would be a sad thing indeed if our 
country should suffer through the 
failure of the Commission to know 
some short cut, some advantage that 
has been privately found. 


Commission Contract Inventions 


Section 152, entitled ‘Inventions 
Conceived During Commission Con- 
tracts,’’ was drafted to try to meet the 
feeling expressed by those who favored 
compulsory licensing that companies 
which have had access to Restricted 
Data as Commission workers, might 
hold back ideas from the Commission 
(and thus keep them from public 
domain) and patent them for them- 
selves. I felt that this position was 
well taken, and I therefore tried to 
reach the situation by the provisions 
of Section 152. 

Under this section those who had any 
relationship with the Commission— 
whether or not any Commission funds 
were involved—must file along with 
their patent application a sworn state- 
ment setting forth the circumstances 
under which the invention was con- 
ceived. As was stated on the floor of 
both the House and the Senate, licen- 
sees were not intended to be included. 
If the invention was conceived within 
the framework of such a relationship 
as would entitle the Commission to the 
patent, then the Commission could 
claim the patent at the Patent Office. 
Otherwise the patent would issue in 
the normal way to the applicant. If 
an applicant should contest a Commis- 
sion claim, he may have his position 
adjudicated by the Board of Interfer- 
ence Examiners of the U. S. Patent 
Office, which is usually called upon to 
determine who first conceived an idea. 


First, the board would have to decide 
when the idea was conceived. This is 
a question of fact, in the determination 
of which that Board has had long ex- 
perience. In addition, the Board 
would be called upon to decide whether 
there was any relationship at that time 
between the applicant and the Com- 
mission, entitling the Commission to 
the patent. Thus, it would also in- 
terpret the laws entitling the Commis- 
sion to claim the patent. 


Compulsory Licensing 

The provisions of Section 153 pro- 
vide two routes by which the Commis- 
sion can permit private citizens to 
utilize the idea embodied in certain 
inventions owned by others. The first 
route requires the Commission vir- 
tually to take over any patent found 
by the Commission to be affected with 
the public interest where the invention 
is of primary importance in the atomic 
energy field and where the licensing of 
the invention is of primary importance 
in activities permitted by the Atomic 
Energy Act. Upon making a finding 
that any such patent is affected with 
the public interest, the Commission 
is authorized to utilize the patent and 
the Commission is authorized to per- 
mit others to use the patent upon 
application for such use in connection 
with activities authorized by the Act. 

The compulsory licensing 
route applies to any patent that the 
Commission has not declared to be 
affected with the public interest. 
Under this provision any person en- 
gaged in an activity permitted by the 
Atomic Energy Act may petition the 
Commission for the right to be licensed 
to use a patent owned by somebody 
else if the invention is of primary im- 
portance in the atomic energy field and 
if the activities for which the use of the 
patent is sought are of primary im- 
portance to the effectuation of policies 
of the Act. If the Commission also 
finds that licensing of the patent is of 
primary importance to the activities 
of the applicant and that the applicant 
cannot obtain a patent license on terms 
the Commission believes to be rea- 
sonable, then the Commission is per- 
mitted to license the patent. 

Under both routes, there are several 
administrative and procedural steps 
required by the statute. First of all, 
the patent owner is required to be 
furnished with the full information in 
the application. If he desires, he is 
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permitted to have a hearing before 
the Commission on whether the Com- 
mission should exercise the authority 
given to it. To prevent undue delay 
the Commission is given no more than 
30 days in which to furnish the patent 
owner with a copy of the application 
and no more than 60 days in which to 
hold the required hearing. The Com- 
mission is required to hear each appli- 
cant, and it cannot grant any rights 
under this part of its authority without 
a separate application and an oppor- 
tunity for a hearing. Provision is 
made in this section to encourage the 
applicant and the patent owner to 
try to agree on the proposed royalty. 

While these compulsory licensing 
features are commonly thought to 
exist for only five years they are not 
in fact limited to five years. They are 
limited to those patents for which the 
owners have filed applications within 
five years of the enactment of the 
Atomic Energy Act of 1954, but the 
procedures are available throughout 
the life of those patents. 


Injunctions 


Section 154 provides that no injunc- 
tion may be issued to restrain the use 
of an invention where it has been 
licensed pursuant to the provisions of 
the compulsory licensing provisions. 
It also requires the court to permit the 
regular channels of the Commission 
to be followed in setting the royalty 
for the use of these patents. No court 
is permitted to interfere in the com- 
pulsory licensing activities of the Com- 
mission, except, of course, on appeal. 


Prior Art 


Since the Act was being broadened 
to permit the granting of patents in 
portions of the atomic energy field to 
private persons, it was thought neces- 
sary to examine the old rule of patent 
law that secret use or knowledge of an 
invention would not bar the later 
patenting of that idea. Many ideas 
and inventions have been used by the 
United States within the confines of the 
security cloak covering of the atomic 
energy field and have not been pat- 
ented because they could not safely be 
made public. Congress did not want 
to permit other persons to be able to 
patent those ideas. Therefore the 
Atomic Energy Act of 1954 made it a 
bar to the issuance of a patent in the 
field if it was known or used before 
even though such use was in secrecy. 
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Commission Patent Licenses 


Since the Commission is engaged in 
the granting of licenses for patents, the 
Congress wanted to be sure that those 
licenses were given to all on uniform 
terms. The desire was to require that 
the Commission establish standard 
specifications for the terms in the 
patent licenses, and that the commis- 
sion promulgate those standard speci- 
fications in the same way as proposed 
rules of the Commission. This would 
enable any interested person to request 
a hearing before the Commission and 
present views on the proposed terms. 


Compensation Awards, Royalties 


In Section 157, Congress established 
the mechanism and standards for 
determining royalties to be paid to 
patent holders under the compulsory 
licensing or patent anti-trust features 
ofthe Act. For this purpose the Patent 
Compensation Board was specifically 
retained, although an earlier draft had 
dropped it in view of the other provi- 
sions of the Act that permit the Com- 
mission to establish such an advisory 
board any time it desires. 

To be eligible to apply under this 
section, the applicant must be the 
owner of a patent licensed under the 
compulsory licensing features or under 
the anti-trust features of the patent 
chapter. This section also provides for 
any person who has had any patent 
rights confiscated by reason of the 
refusal of the Congress to grant patents 
on atomic weapons to apply to the 
Commission for just compensation. 

This section also permits the Com- 
mission to grant an award for the use 
of nonpatentable ideas. It also per- 
mits the Commission to grant awards 
for “‘any specially meritorious contribu- 
tion for the development, use, or con- 
trol of atomic energy.” It was under 
the provision of the latter clause, 
which was suggested and inserted in 
the Atomic Energy Act of 1954 by the 
Joint Committee, that Enrico Fermi 
was honored and given a $25,000 award. 

In establishing the standards for the 
amounts to be paid by patent licensees 
to a patent owner under this section, 
the Commission is required to consider 
several things: the advice of its Patent 
Compensation Board, any defense that 
might be available against the patent 
owner in an action for infringement, 
the extent to which the patent was 
developed through Federally financed 


research, and the importance of the 
invention. Jt may also consider the 
cost to the owner of acquiring or de- 
veloping the invention. 


Antitrust 


Section 158 is a new section in the 
Atomic Energy Act of 1954. It permits 
any court, on finding that the owner 
of a patent in the atomic energy field 
has used such patent to violate the 
antitrust laws in the atomic energy 
field, to require the owner to license 
use of that patent. The royalty for 
such use is to be determined by the 
regular procedures of the Commission 
and not by the court. It was not 
thought proper to permit the existence 
of even the possibility that persons 
might be free to use patents in this 
new field in such a manner as to violate 
the antitrust laws. The statute there- 
fore gives the court the right to require 
competition to grow up where patents 
are improperly used to violate the 
antitrust laws. 


Federally Financed Research 


In view of the fact that private pa- 
tents were being permitted for the 
first time, the Congress thought it 
wise to include in the law a provision 
positively stating that this permission 
was not to be interpreted as denying 
the Commission the right to take title 
on those patents that arose out of 
Commission-supported research. 


Saving Clause 


To be fair to those persons who had 
had applications within the atomic 
energy field denied or who might have 
made application for patents under the 
Atomic Energy Act, save only for the 
broad denial of any patent rights 
within certain portions of the atomic 
energy field, Congress thought it only 
fair to permit those persons to file on 
their ideas if the new law now permits 
patents on those ideas. However, 
the granting of any such patent was not 
to be made in any way as the basis of 
a claim against the United States for 
past use of an idea or invention. 


Patent Applications Disclosures 
Section 173 provides the means for 
compensating the owner of a patent 
application being held in secrecy for 
any damage that that owner might 
suffer by reason of the disclosure of 
that patent application to another 
nation. The secrecy provisions of the 
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Patent Code prohibit the owner of 
an application that incorporates Re- 
stricted Data and is held in the Patent 
Office under the veil of secrecy, from 
filing any application on that invention 
abroad. Since Section 144a permits 
the Commission to disclose Restricted 
Data on the peaceful use of atomic 
energy, such disclosure might include 
information embodied in any such ap- 
plication. This could have an adverse 
affect abroad on the rights of that 
owner of the patent application. Sec- 
tion 173 was designed to permit the 
patent owner to be compensated for 
any damage so incurred. 


THE FUTURE 

In keeping with the pledge given to 
the members of the House who served 
un the Conference Committees leading 
to passage of the Atomic Energy Act 
of 1954, the Joint Committee will 
shortly hold hearings looking toward a 
reconsideration of the patent features 
as enacted into the Act. These fea- 
tures, which were designed to be 
mutually exclusive, were added to- 
gether and all put into the law, not 
because they meshed and fitted well, 
but rather because there was no 
clash between their specific provisions. 
Now is the time to resolve the many 
basic problems that have been built 
into the patent chapter of the Act. 

At the start, I believe that there is 
one premise on which those who differ 
with my point of view and those who 
agree with my point of view can agree. 
tach is basically concerned with seeing 
that the atomic energy field grows, in 
accordance with our system of free 
and competitive private enterprise, as 
fast as possible in the future. The 
difference is in the methods we would 
suggest employing to achieve this 
laudable result. Some fear that in- 
siders can gain a special position for 
themselves. I believe that the normal 
protections against antitrust positions 
are adequate, and I want to let the 
full stimulus of the American patent 
system spur development of this field. 


Commission Contract Inventions 
The first section that I believe needs 


revising is Section 152. Ironically, 
under the pressure of zealously trying 
to protect the normal American patent 
system, too much was written into this 
section. The first sentence of the sec- 
tion states that any invention made 
under any contract or other relation- 
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ship with the Commission shall be 
deemed to have been made by the 
Commission. Actually, this first sen- 
tence is unnecessary if Section 152 
is considered in its proper frame of 
reference, namely as a_ procedural 
device for giving the Commission ready 
title to those patents to which it is 
entitled. Since the rights to the title 
to a patent flow from a contract, 
whether express or implied, there is no 
need for any declaration such as that 
contained in the first sentence. The 
Constitution requires the patent to be 
given to the inventor, and it is doubtful 
if any law could change that, except 
as the inventor assigns his rights to the 
patent. Therefore the first sentence 
of Section 152 should be eliminated. 
The sentence requiring the applicant 
for a patent to furnish a statement 
setting forth the full details of the 
circumstances of the conception of the 
patent is also too broad. I have al- 
ready stated on the floor of the House 
that the circumstances that would 
entitle the Commission to take over 
the patent were never meant to include 
the fact that the patent applicant was 
a licensee of the Commission. Such a 
licensee is independent of the Commis- 
sion, except as he is required by the 
law to come under the regulation of the 
Commission to protect the public 
health and safety or to secure the com- 
mon defense. If the licensee of a re- 
search and development facility under 
Section 104, or the licensee of a facility 
found to be of practical value under 
Section 103, should not be affected by 
Section 152, then those who would 
work toward those licenses should also 
be freed from this stringent patent 
limitation. Thus those who want to 
look into the atomic energy field 
merely to find out if they should enter 
the field (as is contemplated by access 
agreements), * those who want to search 
out a particular corner of the atomic 
energy field and concentrate their 
studies there (as is contemplated by a 
study agreement), * and those who want 
to run an independent business in the 
atomic energy field who need to have 
access to Restricted Data so that, for 
instance, they can design a reactor (as 
is contemplated by the commercial 
agreement),* should be freed from the 
patent stringencies unless there is some 


* I do not want to imply that I approve 
of these contracts as the desirable method of 
solving the problem of access to restricted 
data. 


other relationship with the Commission 
that would properly give the AEC 
some equity in inventions resulting 
from that work. 

Therefore the provisions of Section 
152 should be limited to those who, 
for the benefit of the Commission, are op- 
erating under a contract, express or im- 
plied, with the Commission. 

The Commission has raised the 
question that the present terminology 
of Section 152 is too vague to give the 
Commission any idea of when to 
exercise its rights of waiver. However, 
there is no provision in the Atomic 
Energy Act for any proceedings for 
the payment of just compensation to 
those whose patents might thus be 
taken unjustly. Therefore, the opera- 
tions of Section 152 should be looked 
at with the view of making its opera- 
tion constitutional and keeping it 
within reasonable bounds. After all, 
the Fifth Amendment prohibits the 
Government from taking private prop- 
erty for public use without the pay- 
ment of just compensation. Within 
that framework, again, I must point 
out that just compensation is provided 
by the contract, express or implied, 
that requires the applicant to transfer 
the title to the invention to AEC. 

Since the usual contract that the 
Commission has with the operators of 
its plants includes a clause which gives 
the Commission some control over the 
inventions conceived under the con- 
tract, the terms of Section 152 give the 
Commission and the public protection 
against misappropriation of a patent 
rightfully belonging to the Commission. 
Therefore, those who have gained 
knowledge of the operation of atomic 
facilities would not be able to gain an 
undue advantage through patents. 

Some have suggested that Section 
152 should refer to inventions made 
instead of ‘“under,’’ Com- 
mission contracts. The “during” lan- 
guage, however, overlooks the fact 
that many firms have many clients 
Some firms, in 


“during,” 


for whom they work. 
addition, try to do some work on their 
own account once in a while. The 
“during” language would catch all 
inventions made, even though the 
work for which the invention was con- 
ceived was being done for a client 
other than the Commission. Also, 
the Commission contract could be a 
very limited contract in a special seg- 
ment of the atomic energy field, and 


the invention could be conceived in 
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another portion of the field almost un- 
related to the subject of the contract. 
I believe that the Commission con- 
tracts themselves refer to inventions 
conceived ‘‘under”’ the contract rather 
than “during.” 

From all of these considerations, I 
believe that the section should properly 
be limited to those inventions con- 
ceived “‘under” the terms of an express 
or implied contract with the Com- 
mission entered into for the benefit of 
the Commission. 

It seems to me that the fact that the 
invention might be classified should 
have no bearing on the question of 
whether the Commission is entitled 
to have the patent. 


Compulsory Licensing 


The old Act had a provision that 
would have brought compulsory licens- 
ing into the field if there had ever been 
any licenses issued under that Act for 
facilities found to be of practical value. 
That provision was never effective. 
Yet it has had great effect on the draft- 
ing of the new law. The principle of 
compulsory licensing has been carried 
over into the new law, even though this 
is the only statute on the books 
including any similar provision. 

Those who argue most strongly for 
the compulsory licensing provisions 
claim that the insiders who have been 
given an opportunity to acquire knowl- 
edge about the atomic energy field 
under contract with the Commission 
will have an unfair advantage against 
those who have not participated in 
the program. The insiders then, they 
argue, will have an opportunity to 
make inventions and obtain patents 
that will give them a monopoly. 

The use of compulsory licensing to 
counteract a monopoly position has 
been advocated since 1913 in the Old- 
field hearings in the House. It was ad- 
vocated again in 1938 and by the Tem- 
porary National Economic Committee 
in 1942. It has never been accepted. 
Primarily, the compulsory licensing 
features operate to hurt the little fellow 
and do not affect the large company. 
This is exactly the reverse of the effect 
these features are designed to have. 
If the little fellow comes up with a 
new idea, he will have difficulty financ- 
ing it since he will have to permit others 
to use the idea too. This makes little 
difference to the large company. If 
the large company, or any company, 
seeks to use patents to violate the 
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antitrust laws, there is adequate 
strength both in the statutes and in 
the cases to break up any such attempt. 

Compulsory licensing permits the 
United States Government to condemn 
one man’s property for the private use 
of another. The Government has no 
need to condemn a patent for its own 
use, under any circumstance, since the 
Judical Code gives the Federal Govern- 
ment the authority to use any patented 
invention for its own purposes. Hence 
this condemnation is for the private 
gain of other private citizens. This 
would be comparable to giving the 
Federal Communications Commission 
the power to license any person to use a 
patent belonging to any other person in 
the radio field. It would also be 
comparable to giving the Federal 
Communications Commission the power 
to condemn the tallest building in any 
city merely because it makes the most 
suitable antenna location for local 
broadcasters. This power of con- 
demnation is not found anywhere else 
in the Federal Government. The 
power of the Federal Government to 
condemn is limited to that property 
which it needs for its own use. If it 
has to build a road through a thousand 
acre farm, all it can condemn is the 
right of way, not the thousand acres. 
It is the same with patents, where all it 
needs is a license to use, not title. 

However, I do not believe that this 
question should be treated negatively. 
I believe it should also be approached 
positively. It is my belief that our 
patent system has greatly aided our 
producing the greatest over-all scien- 
tific development of any country in 
world history. 

The best ends of this nation will be 
served by the Joint Committee under- 
taking a cold analysis of the advantages 
and the disadvantages of our patent 
system in the light of complete facts 
on all sides of the problem. 


Prior Art 


One of the situations the Congress 
tried to prevent in writing the Atomic 
Energy Act of 1954 was the possibility 
of a private person obtaining a patent 
on an idea that had hitherto been held 
under secrecy within the Commission’s 
operations. As it is now written, 
Section 155 prohibits the issuance of 
any patent if there was any prior 
knowledge or use of the invention 
under secrecy in the atomic energy 
program. This is too broad, and 


should be limited to such knowledge 
or use if described in Technical Infor- 
mation Service documents of the 
Commission. Then there is a ready 
printed reference, and the knowledge 
or use is not subject to the vagaries of 
memory. Furthermore, as parts of 
the Technical Information Service be- 
come declassified, the information 
about these prior knowledges or uses 
will be available for all. 


Federally Financed Research 


Another of the basic problems which 
should be restudied is the implication, 
contained in both Section 152 and 
Section 159, that it is proper for the 
Federal Government to take title to 
patents. Now, ordinarily when a pri- 
vate party has research performed for 
it, it takes the title to any patents that 
flow from that research. However, 
the Government is not a private party. 
There should be a careful analysis of 
the effects of Government ownership 
of patents. For instance, the testi- 
mony of Admiral Earl Mills given 
before the Joint Committee in the 
summer of 1953 should be carefully 
considered. He testified that the 
private companies who developed the 
diesel engine for the Navy’s submarines 
were able to carry on their research 
under the stimulus of owning the 
ordinary commercial rights, and 
thus to make diesel engines for railroad 
locomotives and later for trucks. It 
is doubtful if the Government on its 
own would ever have pushed this kind 
of development. The Department of 
Defense approach to the patent prob- 
lem has great merit along these lines 
and should be closely studied. In 
addition, the Federal Government, 
through the Alien Property Custodian, 
has garnered a large number of patents. 
I should think it very proper that the 
Committee study the effects of this 
ownership to see whether many per- 
sons have sought to use these patents, 
knowing that any competitor could 
come in and use it at any time. 


* * * 


It seems to me that Congress can find 
means for producing all of the necessary 
and relevant facts on the patent questions. 
When there has been full and fair pres- 
entation of such factual material, I am 
confident that the members of Congress 
will be able to reach reasonable and 
proper conclusions on the problems pre- 
sented in the atomic patent field. 
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FIG. 2. Pulse amplitude versus chamber voltage for pure No 
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A-N, Fillings Make lon Chambers 


Quick chamber filling is feasible with A-Nz mixtures, because up to “% Os: 


contamination can be tolerated. 


This is true because electron 


energies are kept in the region of low O: electron-capture cross section 


By U. FACCHINI and A. MALVICINI, Laboratori CISE, Milan, Italy 


GRIDDED ionization chambers using 
electron collection, while very precise 
instruments for measuring the energy 
of alpha particles are not well suited 
to quick operation. The filling gas 
must be freed of even a trace of 
electron-capturing gas or vapor (/). 
This requires careful evacuation of the 
chamber and prolonged purification of 
the filling gas. 

In contrast, mixtures of A and 2-4% 
N, give good counting characteristics 
with up to 44% Oz, much more O, than 
is found in commercially available sup- 
plies. No very special precautions 
need be taken. Thus alpha-particle 
spectra of short-lived emitters can be 
readily measured. Analysis of alpha- 
emitting nuclides contained in air is 
possible. 

The reason that a filling-gas mixture 
of A and 2-4% Nz provides good ion- 
chamber operation with no sensitivity 
to small amounts of O, impurity is that 
the mixture keeps electron energies at 
1 ev, where the O, capture cross section 
hasabroad minimum (2). (See Fig. 1.) 
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This article describes the supporting 
measurements and typical application, 
measuring the alpha-particle spectrum 
of a short-half-life emitter. The tech- 
niques used in studying ion-chamber 
gases are indicated on p. 37. 


A and N,. as Chamber Gases 


Behavior of A-N» mixtures is best 
understood in terms of the behavior of 
its components. It is apparent from 
Figs. 2 and 3 that the two gases give 
good electron collection over a large 
range of voltage when >99.99% pure. 
Both are adversely affected by the 
addition of even 0.05% Os, but the 
character of the effects are different. 

In the case of No, the Oz prevents the 
collection of electrons at all voltages 
studied. This is because the electron 
energies in N, are <0.5 ev (2, 3), ener- 
gies at which O, presents a large cap- 
ture cross section. The higher the 
voltage, the greater is the energy of the 
electrons and the less the capture. 

For A, on the other hand, it appears 
that the O, captures electrons mostly 


at voltages >1,000 v and that increas- 
ing the voltage increasescapture. This 
behavior is easily understood when it is 
considered that in A the energy of elec- 
trons is already very high (1 ev and up) 
at about 1,000 v and it is further in- 
creased at higher voltages. In conse- 
quence the electron energy falls in the 
zone around 2 ev where QO, has a high 
capture probability. This reduces the 
pulse amplitude. 

Thus both A and N;, are rather sensi- 
tive to traces of Oo, but the two capture 
mechanisms are rather different. 


A-N, Mixtures 

An A-N- mixture keeps the energy of 
the electrons around 1 ev, where O: has 
small capture probability over a large 
interval of applied voltage. Among 
the mixtures studied, the most satis- 
factory have been those with 98-96% 
A and 2-4% Nz. 

The variation of pulse amplitude 
with counter voltage for a mixture of 
A plus 2% N- and for the same mixture 
plus about 0.25% O2 are shown in Fig. 
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FIG. 5. Alpha-particle-pulse spectrum of 
decay products of radon. Half life of 
RaA is only 3.05 min, yet excellent 2-3%- 
half-width line is obtained 


4. As can be seen, this quantity of Oz, 
while it decreases pulse amplitude for 
chamber voltages below 800 v, does not 
affect the collection of electrons at 
higher voltages. 

Increasing the quantity of Os, things 
become worse; for instance 1% Oz re- 
duces pulse amplitudes by 44. 


Counter Operation 

The gridded ion chamber (4, 5) used 
to test filling gases has also been used 
to measure alpha-particle spectra. We 
used a commercially-obtained mixture 
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of A+2% Nz rather free from Oz. 
After the alpha-emitting samples are 
placed in the chamber, it is evacuated 
in 30 sec by a mechanical pump. Then 
the chamber is filled to the desired 
pressure with gas mixture. The cham- 
ber is then ready for functioning. The 
whole process of introducing the sample 
and preparing the chamber takes just 
a few minutes. (Amplitude curves ob- 
tained this way and also leaving 2 
em Hg of air in the chamber are simi- 
lar to those of Fig. 4.) 

The linearity of the chamber is 
demonstrated by the pulse spectrum 
shown in Fig. 5. The spectrum was 
obtained 1 min after introducing the 
sample into the chamber. 

It should be added that after the 


chamber had been filled in the manner 
described, it could function steadily for 
months without any purification. The 
A + N, mixture also gives shorter elec- 
tron transit times than pure A and 
therefore shorter pulse rise times, bet- 


ter resolving times (1). 
* * a 


The authors gladly thank Prof. G. Bolla for 
his interest. 
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Techniques Used in Studying Chamber Gases 


The metal ionization chamber is a conventional gridded type, similar to one 


described previously (4). 
2.38 cm. 


The distance between grid and collecting electrode is 0.7 em. 


The distance between negative electrode and grid is 


A thin 


layer,of natural uranium covering the negative electrode is used as a source of 


alpha particles. 


The pressure for all measurements is 200 em Hg, which makes the 


alpha particles exhaust their range in the space between negative electrode and grid. 


A negative voltage up to 4,000 v is applied to the negative electrode. 
the chamber is maintained at a negative voltage ~24 of the total voltage. 


The grid of 
The 


collecting electrode in the chamber feeds an amplifier having a 0.6-pysec rise time. 
The measurement consists of measuring the U-alpha-particle pulse amplitudes, as a 


function of chamber voltage. 


In some cases the amplitude spectrum was determined 
with a 99-channel pulse-height analyzer. 
The A and Nz are contained in cylinders and are 99.99% pure. 


The A is 


further purified in a calcium-magnesium furnace (4, 5) that is part of the filling 
and purification system. Purification improves the pulse amplitude at very low 


voltages (<300 v). 


Mizing is done with a system of containers and a heated 
column that permits rapid circulation and mizing. 


The system can be evacuated 


with an oil diffusion pump to 10-* mm of Hg. 
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FIG. 1. Block diagram of plutonium analyzer. Note electrical compensation for fission-product background expected at the Pu?%? 
gamma-ray peak. Pulse-height analyzer was modified to provide “surplus” as well as channel count. Common reference point for 
the two counting-rate meters is regulated positive voltage. Pu content reads continuously; below 1 min is required to equilibrate 


Analyzing for 
Low-Energy Gamma Emitters in a 
Radionuclide Mixture 


Here's how a 2-mm-thick Nal(TI) crystal and stable single-channel pulse-height 
analysis permits detection of 50 mg/I of Pu through its 100-kev gamma rays, even 


against a background of 2,000 times as many fission-product gamma rays 


By U. L. UPSON, R. E. CONNALLY, and M. B. LEBOEUF* 
Hanford Atomic Products Operation, General Electric Co., Richland, Washington 





(1) Using a low-Z environment to re- 
duce contribution from beta-ray brems- 


To MEASURE plutonium in the presence 
of considerable fission-product activity, 


TABLE 1—Pu?*® Gamma Rays 








the instrument diagrammed in Fig. 1 


strahlung and Compton scattering. 


Energy Abundance has been developed. The plutonium (2) Using a thin scintillation crystal 
(kev) (10~* gammas /alpha) 100-kev gamma ray is detected by that is relatively more sensitive to low- 

eee a scintillation spectrometer. Back- energy gamma rays. 
39 2 ground from fission-product activities (3) Electrically subtracting the re- 
53 7 is reduced by: sidual background on the basis of previ- 
a rp BR Boode tim ous calibrations. This electrical sub- 
384 15 cabandinns teeent aoe traction is so effective that plutonium 











tady, New York. 


can be detected positively even when 
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its 100-kev photopeak is not distin- 
guishable on the scintillation scan, as 
in the top curve of Fig. 2. 

This article describes the instrument 
and its performance in detail after an 
introductory discussion of the detection 
of low-energy gamma rays in the pres- 
ence of higher activities of higher- 
energy gamma rays. 


Scintillation Spectra 


Pulse-height analysis of the pulses 
from a proportional detector yields 
significant information as to the energy 
distribution of the detected particles. 
Thus, an excellent indication of the 
energy spectrum of an alpha emitter 
can be obtained through ion-chamber- 
pulse analysis (1). Energy spectra for 
beta and gamma emitters can be repre- 
sented in like manner by the scintilla- 
tion pulse spectra of anthracene and 
Nal(Tl) phosphors, respectively (2-4). 

In all such pulse spectra obtained 
from the measurement of radioactive 
emissions there is some deviation from 
the true energy distribution of the 
emitted particles. For the scintilla- 
tion spectra of gamma emitters, this 
deviation results chiefly from (a) energy 
degradation in absorption and scatter- 
ing outside the phosphor, (b) back- 
ground from beta bremsstrahlung, (c) 
incomplete Compton absorption by the 
scintillation phosphor, and (d) the com- 
bined resolution losses of the system. 

For a gamma ray of a given energy, 
however, the pulse spectrum will have 
a substantial peak at a corresponding 
pulse amplitude. Total absorption of 
the photon energy occurs by either or 
both of two modes: (a) when photo- 
electric absorption is followed by sub- 
sequent capture of all secondary emis- 
sions (X-rays or Auger electrons), and 
(b) from successive Compton inter- 
actions within the crystal. Thus, from 
the photopeaks obtained for a mixture 
of gamma emitters, it may be possible 
to identify those species having energies 
not common to others in the mixture. 

A typical pulse spectrum for such a 
mixture is shown in Fig. 3. For the 
gamma emitter of highest energy, in 
such a mixture, the peak height (or 
area) yields a good measure of the cor- 
responding activity. For successively 
lower-energy emitters in the mixture, 
cumulative corrections must be applied 
to compensate for the Compton-scat- 
tering contributions of all higher-energy 
emitters. The extent of this correction 
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FIG. 2. Pulse spectra for three different amounts of fission-product background. 
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TABLE 2—Compensation Factors 





Counting rate* 





A 
90-114 kev 
(cpm) 


B 
> 114 kev 


Sample composition (cpm) ( 


Comp. 


Pu equiv. of f.p. 
in 90-114 kev band 
(mg Pu/ye f.p.) 


factor 
A/B)o 





900 
480 
315 
630 
360f 


0.1 gm/l Pu (+Am**) 
55 we/l Std. mixturet 
~50 uc/l Zr®®-Nb*® 
~50 ue/l Rut 

~50 ue/l Ru 


2,000 
1,580 
2,250 


0.24 
0.20 
0.28 
0.223 


* For 13-ml sample on shelf 3, approx. 144 in. from crystal. 


+ 30 we/] Ru, 20 we/l Ru, 5uc/l Zr*®-Nb*. 
t Calculated on basis of above data. 








for each emitter can be determined 
from the shape of the pulse spectrum 
obtained for a sample of the pure nu- 
clide. Thus, even for a mixture, it 
often is feasible to obtain semiquantita- 
tive activity measurements of the con- 
stituent radionuclides (2). 

If, however, the activity of a low- 
energy gamma emitter in such a mix- 
ture is markedly less than that of one 
or more high-energy gamma emitters, 
the pulse peak resulting from total 
absorption of the low-energy photons 
tends to be obscured by those pulses of 
the same amplitude range resulting 
from partial (i.e., Compton) absorption 
of the higher-energy photons. Similar 
interference may result from brems- 
strahlung from beta rays emitted in the 
mixture. This makes it quite difficult 
to evaluate a low-activity low-energy 
constituent in a mixture containing 
higher-energy gamma or beta-gamma 
emitters. 


Plutonium Assay 


Determination of plutonium in a 
mixture of beta- and gamma-emitting 
radionuclides is an application as diffi- 
cult as any likely to be met. Pluto- 
nium is not usually thought of as a 
gamma emitter, but a number of gamma 
rays have been reported (5, 6) and are 
listed in Table 1. All the gamma rays 
from Pu**® amount to less than 2 X 
10-4 photons per disintegration. This 
is in marked contrast to some of the 
more common fission products, which 
yield an average of about 1 photon 
per disintegration. Thus, Pu?** yields 
about 430 photons/min/ye (~2.7 X 
104 photons/min/mg), compared to 
about 2 10° photons/min/ye for the 
fission products. Since all plutonium 
gammas are of low energy, as compared 
to 0.3-0.8 Mev for the more abundant 
fission products, evaluation of pluto- 
nium in the presence of fission products 
is a major problem. 

The 100-kev gamma ray is best for 
selective determination of plutonium. 
The X-rays and 39-kev and 53-kev 
gammas from plutonium are even more 
obscured by low-energy Compton 
pulses, the americium 60-kev gamma, 
and electrical noise. The 124-kev and 
384-kev gammas are not only of lower 
abundance but also are counted with 
lower efficiency under the conditions 
finally chosen. The 384-kev gamma is 
also liable to direct interference from 
some fission-product radionuclides. 

The various 13-ml samples used for 
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this study contained 0-1-gm/1 pluto- 
nium and 0-550-uc/l mixed fission 
products. 

The plutonium solution also con- 
tained a considerable amount of Am**'. 
This emitter was added because its 60- 
kev gamma peak presents a low-energy 
interference with the plutonium emis- 
sions and because, as a daughter of 
Pu**!, it may sometimes be present in 
plutonium solutions.* The _fission- 
product solution was prepared from 
the separated isotopes Ru, Ru’, 
Zr**, and Nb** in the proportions, activ- 
ity-wise, 30:20:3.5:1.5, respectively. 

The gamma-ray pulse spectrum of 
the plutonium-americium solution is 
shown as the upper curve in Fig. 4, and 
that of the fission product mixture is 
shown as the upper curve in Fig. 5. 
These spectra were obtained using a 
2-in.-thick crystal, in which a sub- 
stantial fraction of the energy is ab- 
sorbed from even the most energetic 
photons. The photopeak efficiency of 
this crystal drops from nearly 100% for 
gamma energies up to 0.2 Mev to about 
16% at 1.0 Mev, and to this extent the 
resultant pulse spectrum represents the 
gamma energy flux at the crystal. 


Thin Crystal 

Considerable discrimination against 
fission-product interference in the 100- 
kev region resulted from surrounding 
the sample—crystal region with a mini- 
mum mass of low-Z material. This re- 
duces the number of degraded-energy 
pulses due to Compton scattering out- 
side the crystal and greatly reduces the 
bremsstrahlung pulses from high-energy 
beta rays (7). The total interference 
from Ru? was reduced substantially 
by changing from an aluminum sample 
rack-end cap assembly to a similar 
assembly of Micarta and by using 
polyethylene rather than glass vessels 
for the samples. Data of Figs. 1, 4, 
and 5 were obtained with this low-Z 
environment. 

Further discrimination against 
higher-energy gamma emissions re- 
sulted from the use of a thin erystal. 
We used a 2-mm-thick X 11}4-in.-diam- 
eter canned NalI(TI) crystal, the thin- 
nest commercially obtainable at the 
time of this study. This crystal offers 
nearly two half-thicknesses to 0.1-Mev 
gammas, thus absorbing about 70% of 


* A later separate study with the instru- 
ment used here showed no sensitivity to 
Am‘! content in the sample. 
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FIG. 4. Scintillation spectra of plutonium 
solution as observed with a 2-in.-thick and 
a 2-mm-thick Nal(Tl) crystal. Note small 
change as compared with Fig. 5 


the gamma energy. It presents pro- 
gressively less absorption path to the 
higher-energy fission-product gammas, 
having a total absorption efficiency of 
less than 5% and a photo-absorption 
efficiency of less than 0.5% for 1-Mev 
gammas. Moreover, the thin crystal 
has less partial Compton absorption 
yielding pulses equivalent to an energy 
of 100 kev; hence it greatly reduces the 
fission-product contribution to the 100- 
kev region of the pulse spectrum. The 
pulse spectra obtained using a 2-mm 
crystal are shown in the lower curves 
of Figs. 4 and 5. 


Subtracting Residual Background 


Having reduced spurious pulses in 


the plutonium-gamma region to a 
practical minimum, the next step was 
to use high-energy fission-product 
pulses to estimate the residual inter- 
ference. If such factors as environ- 
ment, crystal, and geometry are held 
constant and if the electronic compo- 
nents of the system are adequately 
linear, the shape of the spectrum is in- 
dependent of source activity. It thus 
follows that for any given fixed condi- 
tions of emitter composition and detec- 
tion efficiency, the relative counting 
rates obtained in different portions of 
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FIG. 5. Scintillation spectra of fission-product solution as observed with a 2-in.- 


thick and a 2-mm-thick Nal(Ti) crystal. 


Note drastic decrease in counting rate at 


high energy, reduced contribution to 100-kev background 


the pulse spectrum are independent of 
the total counting rate. 

For example, in the pulse spectrum 
obtained for the standard fission-prod- 
uct mixture (Fig. 5), the number of 
pulses falling between the limits L and 
U constitute a constant fraction of 
total number of pulses exceeding the 
upper limit, U. Here the number of 
pulses between L and U is represented 
by the area marked A, and those ex- 
ceeding the upper limit, U, are repre- 
sented by the area B. The ratio of the 
“channel” counting rate, A, to the 
“surplus” counting rate, B, is inde- 
pendent of the absolute value of either 
rate, and of the activity of the sample 
being counted. Thus, if we measure B 
for any activity of the sample, and if the 
factor (A/B) ois known for that sample 
composition, A can be calculated. 

The channel limits L and U were 
adjusted to bracket the 100-kev pluto- 
nium gamma-ray peak, viz., 90-114 
kev. The gross counting rate obtained 
for this channel includes not only those 
pulses, P, due to plutonium but also 
those, A, associated with the fission 
products. From the compensation fac- 
tor, (A/B)o, for the given fission-prod- 
uct mixture and counting setup, the 
amount of interference can be calcu- 
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lated for each value of surplus counting 
rate, B. Subtracting this from the 
gross counting rate in the channel 
yields the net counting rate due to 
plutonium: Net Pu counting rate = 
gross channel rate — (compensation 
factor X surplus rate), that is 


P = (P + A) — (A/B)0(B) 
(A/B)o, 


Compensation factors, are 
listed in Table 2. 

Interference from Ru’ is much 
greater than from the other nuclides 
tested. This is to be expected, since 
its 3.55-Mev beta produces much 
bremsstrahlung interference. Gamma 
rays such as the 0.73-Mev Zr®® and 
0.76-Mev Nb**, on the other hand, 
might be expected to yield minimum 
interference in a region so far removed 
from their pulse peaks. The data have 
shown this to be the case. 

The compensation factor to use in 
any given case can be determined in 
either of two ways. For samples whose 
composition is not constant, the factor 
can be established as the weighted 
average of the factors for the individual 
nuclides present. For a series of sam- 
ples for which the proportions of the 
interfering emitters remain constant, 
the over-all factor can be determined 


from a separate assay for the desired 
constituent, in this case plutonium, and 
subsequently applied for all samples of 
that series. Since (A/B)»o does not 
vary greatly with energy, exact evalu- 
ation is not critical except in extreme 
cases where the correction is much 
greater than the net count. 

Automatic correction has been ob- 
tained by a circuit in which the channel 
counting rate and the surplus rate are 
obtained simultaneously on two differ- 
ent counting-rate meters (Fig. 1). 
The channel rate less (A/B)o X the sur- 
plus rate is then fed to a recording 
potentiometer. The recorder can con- 
tinuously record the plutonium activity 
in a flowing sample and actuate alarm 
or control mechanisms. 

Energy standardization of the over- 
all instrument is obtained by adjusting 
gain so that 60-key Am*! gammas 
yield a pulse peak at a 10-volt reference 
voltage. A l-volt slit width is used 
here to yield good resolution with high 
stability. The base line is then set to 
correspond to a 90-kev lower limit 
(9%> X 10 volts = 15 volts), and the 
channel width set at 4 volts to give an 
upper pulse limit corresponding to 114 
kev.* Over-all efficiency is then cali- 
brated by counting a plutonium stand- 
ard and adjusting the recorder to read 
accordingly. 


Minimum Detection Limit 


The ability of the instrument to dis- 
criminate against spurious counts is 
demonstrated in Fig. 2. Here gamma 
pulse scans are shown for the pluto- 
nium-americium solution alone, and for 
the same plutonium concentration in 
solutions containing 55 ywe/l and 550 
uc/| of mixed fission products. In the 
last-mentioned scan, the presence of 
the plutonium is not detectable visu- 
ally, yet the instrument was able to 
determine the plutonium content of 
this sample reproducibly to within a 
maximum error of +30 mg/l and a 
standard deviation of +~20 mg/l. 
On this basis a minimun positive 
detection limit of 30 mg/l has been 
estimated. Semiquantitative deter- 
mination is considered possible at con- 
centrations above 50 mg/]I. 

At low plutonium concentrations, 
fission-product compensation may 


* The energies assigned to these channel 
limits are, in fact, only nominal, since the 
output from a NalI(Tl) crystal is not 
strictly linear with energy in the 0—-100-kev 
region. 
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Stability and Reliability 


Reliability of the net plutonium counting rate depends chiefly upon stability 
of the pulse-height:gamma-energy relation and upon the stability of the two 
discriminators in the pulse-height analyzer. Any drift in photomultiplier- 
dynode voltage, amplifier gain, discriminator level, or pulse-height-analyzer 
channel width will change the mean pulse amplitude for any given gamma 
energy. The stability and accuracy of the components incorporated in the final 
instrument were determined by operational tests, the results of which are given 
in the table below. 

The components were then assembled for a 5-day over-all stability and accu- 
racy check. The source used was 13 mi of solution containing 300 mg/l of 
plutonium and 55 ye/! of the standard fission-product mixture. The resulting 
net-plutonium record showed a long-time drift of less than + 1% over the 5-day 
period. The change in reading with line voltage change from 105 to 125 


was less than 3%. 
instrument. 


This stability is considered excellent for so complex an 





Accuracy and Stability of Differential Plutonium Counter Components 








Stability 


Voltage 
Manufacturer 
and model 


Component (%) 


stability* 





High volt- 
age supply 
Pre- 
amplifier 


General Radio 0.1 


1500B 
HAPO 


Atomic Instr. 
204 


General Radio 
1500B 


Atomic Instr. 
510 


HAPO 
modification 


Linear 
amplifier 
Counting- 
rate meter 
Pulse 
analyzer 


CRM diff. 


circuit 


0.25 


Recorder Brown Instr. 0.1 


Accuracy 





Abs. error Linearity error 
(% of (% of 
full scale) full scale) 


+0.4 


5-day 


drift 


(%) 





+0.25 


+0.25 


+0.1 +0.25 


+0.25 


* Change in output for line-voltage change from 105 to 125 volts. 





greatly exceed the net plutonium count- 
ing rate. The precision of the pluto- 
nium evaluation therefore is dependent 
upon the reliability of the compensation 
signal. This signal was found to be 
reliable to within a maximum observed 
deviation of +5%. Referring to Table 
2, the standard fission-product mixture 
yields 2,000 cpm for 55 ue/l. The sur- 
plus rate for 550 ue/l would thus be 
20,000 cpm. The correction of 0.24 
20,000 or 4,800 cpm will also have 5% 
deviation. This leads to an uncer- 
tainty in the net plutonium count of 
-~~240 cpm, corresponding to about 27 
mg/]. _ This is in accord with the ob- 
served maximum error of ~30 mg/] 
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for 550 ue/l interference and the ob- 
served standard deviation of ~20 mg/1. 
This high level of over-all reliability 
can be credited to the stability and 
reliability of the electronic components 
used. 
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A METHOD of assaying 6-emitters that 
allows matching G-M accuracy but is 
easier to use is described by this ar- 
ticle. Liquid samples can be counted 
without preparation. Although the 
idea of bremsstrahlung (BS) counting 
is not new (1), as shown by other work 
that is summarized after explaining 
the scintillation-counting method, this 
is the first work we know of that 
correlates counter efficiency with the 
theory of electromagnetic radiation 
emission by §-emitters. 

In our particular application a 
Nal(T1) well-type scintillation crystal 
(Harshaw Chemical Company, Cleve- 
land, Ohio) is used for BS counting of 
P%? in connection with blood-volume 
determinations. Astandard method of 
determining blood volumes is by iso- 
topic dilution, using red cells tagged 
with P**. Counting is done by simply 
placing the sample in a Pyrex test 
tube and lowering the tube into a well- 
type scintillation crystal. Both hepa- 
rinized-whole blood and P*? in aqueous 
solution can be counted. The well is 
16.5-mm diameter by 38-mm deep. 
Crystal 50% for I['* 
y-rays. 

The previous counting method (2) 
has been to pipette 0.2 cm* of hepa- 
rinized blood onto a square of blotting 
paper backed by aluminum foil. The 
square is then covered with plastic 
sheet about 2 mg/cm? thick. This 
unit is then wrapped to form a cylinder 
and slipped over a thin-walled G-M 
tube (30 mg/cm’). 


efficiency is 


How the Methods Compare 


The two methods are compared in 
the table on p. 43. G-M counting is 
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Bremsstrahlung Detection by a Scintillator for 





Simplified Beta Counting 


A well-type Nal crystal assays P** with 
efficiency of 0.8 count/100 disinte- 


grations. 


Simplicity of using liquid 


samples makes method preferable 


to G-M counting. 


Using 1—5 ml samples 


means same accuracy is obtained. 


Sample activity is 7 muc/cm*® 


more sensitive for a given activity, but 
because of the larger volume used with 
the crystal, the methods have about the 
same sensitivity to a: given specific 
activity of P*?, 

Comparing the two counting meth- 
ods in terms of time required to reach 
a given sample-strength accuracy re- 
quires knowing both the backgrounds 
and the sample strength (3). Tracer 
levels presently used for P** blood 
volumes (25-50 yc) give about 7- 
myuc/cm?® blood activity. At this spe- 
cific activity the counting time re- 
quired to reach a given accuracy is 
essentially the same for both methods 


INCREASED COUNTER EFFICIENCY results from skewing toward 


low energy of bremsstrahlung spectrum. 


Skewing is still evident 


after filtration through 1-mm water, 1.2-mm Pyrex, and 0.81-mm 
aluminum. Filtered spectrum is calculated; unfiltered spectrum 
is taken from reference (10) 


due to the larger volume used with the 
crystal. Since counting procedure is 
very much simplified by using the 
crystal, it is probably safe to say that 
it is the better method. At present, 
both methods are being used on each 
patient to see if there is any systematic 
difference in results. 


Emission Mechanisms 


The basis of this scintillation method 
is to count BS and other electromag- 
netic emissions rather than 6-particles. 

Electromagnetic radiation is always 
emitted in the decay of a ‘“‘pure”’ 
B-emitter. This is due to a variety 





How Two Methods for Counting P** in Blood Samples Compare 





Sample 
Background 
(cps) 


volume 
(cm) 


Counter 
type 


Counting 
rate (cps 
per muc/cm*) 


Activity to 
equal bkgd 
(myc) 


Counts per 
100 disinte- 
grations 





- 


Well-type 5 
crystal 

Wrap-around 
Geiger tube 


0.2 


10 0.8 


20 
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of mechanisms: 8-particle deceleration 
by the Coulomb field of a colliding 
nucleus external bremsstrah- 
lung (EBS); nuclear processes associ- 
ated with §-particle ejection from the 
nucleus cause internal bremsstrahlung 
(IBS); disturbances in the electron 
shell caused by sudden change of nu- 
clear charge, and atoms ionized in the 
slowing-down process cause character- 
istic X-radiation. In addition, there 
may be a small amount of nuclear 
radiation (Y*! may have as much as 
0.1% of a 1.2-Mev nuclear gamma), 
and there may be X-radiation due to 
decay by electron capture (Tl? has 
1-2 % decay by electron capture, giving 
the 83-kev X-ray line of Hg). 

Clearly the possibility exists of 
assaying a §-emitter by measuring its 
BS or other electromagnetic radiation 
associated with @-decay. A logical 
instrument for BS counting of 6-emit- 
ters is now widely available: the well- 
type scintillation crystal. This de- 
tector has the advantages of the 
ionization chamber (1) cited in the 
section ‘‘Ionization-Chamber Measur- 
ing,” p. 44. It also has fewer dis- 
advantages. Very high crystal sensi- 
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causes 








tivity means that high activity is not 
required. 

Experimental verification. To be 
sure the count obtained was caused by 
8-particles, absorption curves were ob- 
- tained by wrapping plastic and Pyrex 
test tubes with lead foil. By compar- 
ing the curves for thin- (about 1-mm) 
and thick (about 6-mm) plastic test 
tubes with the curve for the Pyrex test 
tube, it was found that about 80-85% 
of the counts from the standard Pyrex 
test tube used for the sample are due to 
BS. The remainder presumably is due 
to P*? 6-particles. From 0.8count/100 
disintegrations (table, p. 43), we 


estimate 0.6 count/100 disintegrations 
due to BS. 

Standard deviation in determining 
activity of a given sample was esti- 
mated by counting aliquots of a P* 
aqueous solution in 10 unselected test 
tubes. Standard deviation was 3% in 
one run, and 1% in a second run, ex- 
clusive of statistical counting errors. 
While this is entirely satisfactory for 
clinical determination of blood vol- 
umes, it is expected that precision 
would be improved by using a sample 
container that would stop the 6-par- 
ticles from reaching the crystal. 

Some attempts have been made to 


lonization-Chamber Measuring 


Assay of B-emitters by bremsstrahlung measurements was investigated by 
Tompkins, Wish, and Burnett (1). They used a 4m ion chamber, filled 
with 20 atmospheres of argon. At that time (prior to 1950), the choice in 
detection equipment lay between a G-M tube and an ionization chamber. 
They pointed out that their ion-chamber method of B-assay had three advan- 
tages: (a) ion chambers have a wider range, better stability, and better 
linearity of response than G-M tubes, (b) activities can be measured in solu- 
tions or solids, without the chemical processing usually necessary for direct 
B-particle measurement, and (c) comparison of bremsstrahlung measure- 
ments with direct B-particle measurements offers a sensitive criterion of 
radiopurity. 

On the other hand, they pointed out three disadvantages in their method: 
(a) measurements are extremely sensitive to y-emitting impurities, (b) vari- 
ations may arise from inhomogeneities in the source and its container, and 
(c) relatively high activities are required because of ion-chamber insensitivity. 

Data that summarize instrument sensitivity, taken from their article, are 
as follows: 








Activity to Lowest 
equal back- activity 
Maz. energy Relative ground detectable t 

Nuclide (Mev) sensitivity* (myc) (uc) 
§% 0.17 0.2 4,500 250 
Sr%° 0.54 9 100f — 
pss ae 100 9 1 
y* 2.24 180 5t — 





* These values are taken from graphical data. 
tT No explanation is given why the ratio of the last two columns is 184 and %, respectively. 
+ These values are interpolated from the relative sensitivity. 





They found that ion current per unit activity depended on the following vari- 
ables, for a given radionuclide in aqueous media: (a) surface/volume ratio of 
active sample, (b) sample-container composition, (c) concentration and 
atomic number of solutes, and (d) sample physical state, i.e., solute, sus- 
pension, or precipitate. Drying down the sample appreciably increased ion 
current. 

While some of these variables changed ion current 30%, the direction was 
always predictable from radiation-energy-loss theory, and the amount of 
change was reproducible. They suggested that by using plastic containers 
and gelatinous precipitates, the ion current might be made reasonably inde- 
pendent of the size, shape, and physical state of the sample. 

Tonization-chamber assaying was not widely used, probably because a 
rather special chamber is needed to achieve even low sensitivity. Scintil- 


lation counting, as described on these pages, is roughly 10° times more sensi- 
tive, in terms of activity required to equal background. 





inerease counting rate by adding high- 
atomic-number cations. The increase 
is in good agreement with the results 
of previous work (1). However, it is 
possible to get a greater increase in 
counting rate by adding the same 
amount of active solution rather than 
high-atomic-number solution, to the 
limited extent so far tried. The count- 
ing rate can be doubled (approximately) 
by drying the sample down in the test 
tube, but this would not be convenient 
in a routine procedure. 

Confirming previous study. The 
use of a well-type crystal for assay of 
P*? in blood-volume studies has recently 
been reported by Gamble, Klement, 
and Rogers (4). They used a thin- 
walled plastic test tube to hold the 
active solution to allow as many §-par- 
ticles as possible to reach the crystal. 
The count/100 disintegrations was 0.9. 
Brass shielding (840 mg/cm?) reduced 
this figure to 0.2 count/100 disintegra- 
tions. The brass was thick enough to 
stop all §-particles. Since the brass 
would absorb the BS radiation strongly, 
and since they used 3 cm* samples as 
against our 5 cm‘, their number of 0.2 
is probably in fair agreement with our 
estimate of 0.6 count/100 disintegra- 
tions due to BS. 

Gamble, Klement, and Rogers noted 
that the count from an aqueous solu- 
tion of P*? increased on successive 
days, presumably due to phosphorus 
adsorption on the plastic test tube wall. 
We have observed the same phenome- 
non with Pyrex test tubes. Adding 
carrier phosphate prevents this increase 
of counts. Presumably pre-soaking in 
a phosphate solution would accomplish 
the same thing. They also noted that 
a given P* activity counted about 4% 
lower when in whole blood than when 
in aqueous solution. Our impression 
is that the count is probably slightly 
higher for P*? in whole blood than for 
the same activity in water. The differ- 
ence, if any, is less than 3%. 


Calculating BS Yields 

Before counter efficiency can be cal- 
culated, the IBS and EBS photon 
yields must be known. 

EBS intensity. The theoretical basis 
for calculating EBS is the Bethe-Heit- 
ler theory of radiation-energy loss by 
fast electrons, in which the energy loss 
per collision is proportional to Z?, 
where Z is atomic number. Wu (4) 
demonstrated experimentally that the 
intensity of EBS from a thick target is 
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proportional to Z, for values of Z not 
too large. She showed that this is con- 
sistent with the Bethe-Heitler theory, 
and follows from the fact that the num- 
ber of atoms encountered by a 6-parti- 
cle in coming to rest is proportional to 
1/Z. She also demonstrated that the 
shape of the EBS spectrum is very 
nearly independent of 6-stopper atomic 
number, also in accord with the theory. 

Using an ion chamber, Wu measured 
the EBS intensity from P*® on an 
aluminum stopper as 4.2 kev/disinte- 
gration, which compared well with 
4.5 computed from theory. Goodrich, 
Levinger, and Payne (6) computed the 
EBS intensity from P** on a brass 
stopper as 9.3 kev/disintegration, which 
is in good agreement with the results of 
Wu. These authors then used the 
thick target formula of Wyard (7), 
which they had verified, to compute an 
EBS photon yield of 4.2 photons above 
50 kev per 100 disintegrations for a 
brass 8-stopper. 

IBS intensity. The theoretical basis 
for calculating IBS intensities is 
the quantum mechanical theory of 
Knipp and Uhlenbeck, Bloch, and 
Chang and Falkoff. The theory has 
been experimentally verified for P** 
from 3-900 Kev by a number of differ- 
ent groups. The theory is well sum- 
marized, and the literature cited, in a 
recent article (8). Additional articles 
have since appeared (9-12) on P* 
IBS, and they, too, verify the theory. 
It turns out, probably fortuitously, 
that the shape of the IBS spectrum is 
quite close to that of the thick-target 
EBS spectrum for P**. The IBS in- 
tensity was measured as 1.05 kev/dis- 
integration for P*?, and from theory 
calculated as 1.02 (65). From a slightly 
revised theory 1.22 kev/disintegration 
was computed; and 1.18 was found 
experimentally with a crystal spectrom- 
eter (13). An earlier computation by 
Bloch was corrected to get 2.4 kev/dis- 
integration (6), which is not in good 
agreement with the other results cited. 

To get a basis for comparing count- 
ing results with theory, we note that 
Madansky and Rasetti (14) found ex- 
perimentally for P*? that the IBS pho- 
ton yield above 90 kev is 0.24/100 dis- 
integrations, which they computed to 
be equivalent to an intensity of 1.64 
kev/disintegration. In view of their 
later work (13), it now appears that this 
number is too high, and we estimate 
the P*? IBS photon yield as (1.22/ 
1.64) X 0.24 = 0.18 photons above 
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Low-Energy 
Beta Counting 


Bremsstrahlung counting with 
a scintillation crystal unquestion- 
ably can be used for beta particles 
with energies lower than P** (1.7 
Mev, maximum). For radium E 


(1.17 Mev), the efficiency should 
fall by about a factor of 2, to 0.4 
count/100 disintegrations (13). 
At still lower energies, efficiency 
will fall even more rapidly. 


90 kev/100 disintegrations. We have 
used this number as the normalizing 
constant for the IBS spectrum, given 
in tabular form by others (10). We 
have also assumed that the radiation 
is filtered by 1-mm of water, 1.2-mm of 
Pyrex glass, and the 0.81-mm of alumi- 
num that covers the crystal. Absorp- 
tion coefficients of Pyrex glass were 
taken from previous data (15). Graph- 
ical integration gives 0.34 IBS photons/ 
100 disintegrations transmitted by the 
assumed filtration. (The real absorp- 
tion coefficients u. = T + o, were used 
in this computation.) 


Counter Efficiency 


An assumption probably satisfactory 
for the present, order-of-magnitude cal- 
culation is that the EBS spectrum is 
identical in shape with the IBS spec- 
trum. Wu (4) gave the intensity ratio 
for P*? EBS/IBS as 4 for an aluminum 
stopper, while Goodrich, Levinger, and 
Payne (6) gave the ratio as 4 for a brass 
stopper. Since the ratio should be pro- 
portional to atomic number, and brass 
has twice the atomic number of alumi- 
num, the ratios should differ by a factor 
of 2. However, we will accept both 
values, and assume the value for alumi- 
num to lie between 2-4, and the value 
for water to lie between 1-2. 

New experimental results (16) on 
P*? EBS and IBS show a 20% deviation 
from theory for the high-energy end of 
the IBS spectrum, as well as evidence 
that the total EBS energy deviates 
from proportionality to atomic number 
by as much as 30%. The intensity 
ratio, EBS/,IBS falls half-way between 
the two values used in the following 
calculation, that thus remains essen- 
tially unchanged, although it is made 
on the basis of previously-published 
values. 

In the present instance, the 8-stopper 
is water, SiO., and aluminum. We 


conclude that the intensity ratio EBS/ 
IBS lies between 1-3. Total intensity, 
then, is 2—4 times IBS intensity. Total 
photon yield at the crystal is 2-4 times 
0.34, or 0.7-1.4 BS photons/100 dis- 
integrations. Comparing this with our 
experimental estimate of 0.6, we con- 
clude that the well-type crystal has an 
efficiency for P*? BS photons between 
50-100 %. 

We would expect an efficiency of the 
order of 100% for BS because the spec- 
trum reaching the crystal is very skewed 
toward the soft end (see the illustra- 
tion, p.43). The most probable energy 
is about 30 kev, and the median energy 
is about 100 kev. The same crystal 
shows an efficiency of about 50% for 
the y-rays of I'*!, which mostly have 
an energy around 364 kev. The ex- 
perimental results are therefore in 
agreement with the theory. 

Increasing counter efficiency. The 
only method of improving counting 
efficiency is to increase EBS yield, 
which is proportional to #-stopper 
atomic number. Using high-atomic- 
number cations in the solution will also 
increase the soft BS absorption. Thus 
using middle atomic numbers might be 
most hopeful. This indicates that the 
efficiency could be increased by a fac- 
tor of 3 or 4 at the most. The BS 
method is therefore inherently limited 
to an efficiency of a few counts/100 
disintegrations. 

* aa » 

We wish to acknowledge the skillful tech- 
nical assistance of Miss Shirley Port. This 
article is based on a talk delivered at the 40th 
annual meeting of the Radiological Society 


of North America, December, 1954, Los 
Angeles, California. 
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Intercomparison of Fast-Neutron 


A tissue-equivalent ionization chamber gave neutron doses 5—15% greater than 


those given by a recoil proportional-counter dosimeter when these instruments 


were compared simultaneously using Po-Be and accelerator neutron sources 


THE ONLY fast-neutron dosimeters 
presently available are the tissue- 
equivalent ionization chamber (1) and 
the two proportional-counter types 
developed by Hurst and his co-workers 
(2, 3). Of the latter, only the non- 
directional instrument (3) will be con- 
sidered here. It will be referred to 
simply as the neutron dosimeter. It 
selectively registers neutron tissue dose 
if neutron energy exceeds ~100 kev. 
To check the relative response of 
these two instruments, comparison 
measurements with a variety of neutron 
sources were performed at Oak Ridge. 


Subtracting Gamma Rays 


Stray gamma radiation affects the 
tissue-equivalent chamber but not the 
counter. This is a primary source of 
error. To reduce that error a graphite- 
CO, chamber was exposed. This de- 
vice will measure gamma radiation, but 
it has an energy-dependent neutron 
response. (In a neutron field that 
delivers 1 rad to tissue, CO» will receive 
approximately 0.15 rad and 0.25 rad at 
neutron energies of 1 and 10 Mev, 
respectively.) Since the exact value 
of this neutron response is unknown, 
even the combination of all three in- 
struments cannot clearly separate 
gamma and neutron radiation. Never- 
theless use of the graphite chamber 
helped obtain further information. 

The graphite chamber registers dose 
rate. Results obtained with it were 
integrated, weighting where necessary 
for the variable intensities encountered 
at accelerators. 

Photographic emulsions (Dupont 
553 packet) were exposed when the 
gamma intensity was sufficient. 


Comparison Procedure 
Measurements were performed at the 
ORNL 5-Mev Van de Graaff generator 
using the d-D, p-T, and p-Li’ reactions 
and also at a Cockroft-Walton acceler- 
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ator using the d-T reaction. In addi- 
tion, measurements were made with a 
Po-Be source using water and mercury 
absorbers and with an unshielded Po-B 
source. 

Two counters and the tissue-equiva- 
lent and graphite chambers were ex- 
posed simultaneously at approximately 
equal distance and azimuth from the 
sources. Readings in millirads were 
normalized to 100-cm source-detector 
distance but not corrected for angular 
variations. Accelerator readings were 
normalized to the count of a long- 
counter monitor. In the case of the 
radioactive sources, the dose rate in 
mrad/hr was compared.* 

During the latter phases of the com- 
parison it became evident that the CO, 
chamber had not been operated in a 
saturated condition as far as neutron 
response is concerned, although the 
voltage was quite adequate for gamma 
measurement. Consequently most of 
the measurements were repeated using 
higher collecting voltages. Unfortu- 
nately, it was impossible to duplicate 
the exact conditions of the original ex- 
periments—some of the readings ob- 
tained were lower rather than higher 
as expected for increased collecting 
voltage. However, the variations ob- 
served were only a few per cent. 

The results, listed in Tables 1 and 2, 
are those considered most applicable in 


all cases. 


Sources of Error 


The gamma-ray correction is a pri- 
mary source oferror. Twocrosschecks 
on the gamma sensitivity of the CO, 
and tissue-equivalent chambers yielded 
agreement. Intercomparison 
using a 20-mg radium source resulted 
in a difference in reading of 2%. Using 


good 





* The rad is understood to represent the 
absorption of 100 ergs per gram of tissue 
containing 10.1% hydrogen and 3.5% 
nitrogen. 


a cobalt source, the discrepancy was 
about !4 % in the opposite direction. 
Note (Table 2) that the X-ray films 
indicated a higher reading than the 
CO, chamber (although the latter in 
addition to correct gamma response 
has some residual neutron response). 
This may be taken to imply that some 
of the electromagnetic radiation was of 
such long wavelength that the radium 
film calibration is not applicable. The 
alternate explanation that the film was 
more neutron sensitive than the CO, 
chamber is unlikely in view of other 
experiences with mixed radiation where 
film response was always lower (4). 
Error may also be introduced by the 
fact that all instruments do not receive 
the same amount of radiation. The 
angular distribution of neutrons from 
Po-Be and Po-B was essentially iso- 
tropic. distribu- 
tions from accelerator targets are not. 
Efforts were made to place all instru- 
ments at the same angle to the acceler- 
In spite of this, errors as 
large as 5% may have been introduced. 
Scattered radiation can introduce 
another especially since the 
various detectors may be large enough 
to ‘build up”’ the incident fast neutron 
intensity. 
Estimates indicate that the differ- 
ence in wall absorption of the various 
chambers was negligible. 


However, angular 


ator beam, 


error, 


Comparison Limits 

A lower limit to the discrepancy be- 
tween tissue-equivalent chamber and 
neutron dosimeter can be determined 
from an inspection of the sixth column 
of Table 1. In principle, the neutron 
dosimeter measures only neutron dose, 
the CO. chamber measures gamma 
radiation plus some fractional response 
to neutrons, and the tissue-equivalent 
chamber measures the sum of neutron 
and gamiaa doses. Consequently, the 
f the readings of the former in- 
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Dosimeters 


By H. H. ROSSI,* G. S. HURST, 
W. A. MILLS, and 

H. E. HUNGERFORD, Jr. 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 


struments should exceed the reading of 
the latter by the amount of neutron 
response of the CO, chamber. Inspec- 
tion of the sixth column indicates that 
this is not the case except for the d-T 
reaction where the neutron response of 
the CO, chamber is probably quite 
high. The discrepancy in other cases 
is about 5%. The p-Li’ reaction at 
1.0 Mev has a discrepancy greater than 
20%, but it seems reasonably safe to 
assume that this is due to other errors. 

One explanation why the ratios in 
column six are not greater than one is 
that most of the CO, data given apply 
to low collecting voltage where gamma 
saturation but not neutron saturation 
was complete. 

The upper limit of the discrepancy 
can be evaluated by directly comparing 
the readings of neutron dosimeter and 
tissue-equivalentchamber. Because of 
the gamma radiation present the ratio 
observed is an upper limit to the differ- 
ence in neutron response. The figures 
in the seventh column of Table 1 indi- 
cate that at four widely different neu- 
tron energies the difference was about 
15%. Therefore, it can be stated that 
the experiments indicate that the re- 
sponse of the neutron dosimeter was 
lower than that of the tissue-equivalent 
ionization chamber by at least 5% but 
probably less than 15%. 


* * * 


The authors wish to express appreciation 
for the excellent cooperation of the Oak Ridge 
National Laboratory's high voltage section of 
the Physics Division. In addition, we are 
indebted to J. S. Cheka of the Health Physics 
Division for the data obtained with photo- 
graphic film. 
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TABLE 1 — Dosimeter Comparison Using Accelerator - 
Produced Neutrons 
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0.06 


2.95 





0.158 


2.37 





4.7 


0.195 


1.82 





6.0 


0.334 


3.34 





15.3 








5.8 


1.20 








6.63 


1.06 














*Normalized to 100-cm target-detector distance and 10° monitor counts. - 
TThis reading was taken as a matter of curiosity. The neutron energy 


is too low for the dosimeter to operate properly. 








TABLE 2 — Dosimeter Comparison Using Po-Be and 


Po-B Neutrons 


Measured dose rates * 





Proportional 
counter 


dosimeter 
(mrad / hr) 


C-C0, 
ionization 
chamber 
(mrad / hr) 


Film 


(mrad /hr) 


Tissue 
equivalent 
chamber 
(mrad / hr) 





1.06 


0.22 


1.32 





H,0| 8.01 


0.59 


0.186 





2.5 


10.7 





Hg |2.16 


7.6 


2.05 


10.2 





Hg |3.40 


7.6 


1.86 


9.7 





Hg |4.67 


6.6 


1.02 


7.6 





Hg | 5.87 


5.7 


0.93 


7.2 





Hg | 8.09 


5.0 


0.74 


6.0 





H,0 | 2.16 


7.2 


2.41 


9.8 





H,0 | 4.67 


6.2 


2.32 





H,0 | 8.09 











4.7 


2.32 








6.8 














*Normalized to 100-cm source-detector distance. 











GROSS SECTIONS 


Extending Onion 


Storage Life 


by Gamma Irradiation 


By S. L. DALLYN,* R. L. SAWYER,* and 


A. H. SPARROW+ 


Irradiation, which greatly increases 
the storage life of potatoes (1-3), also 
inhibit the sprout growth of onions 
(1, 4). Losses due to onion sprouting 
are usually high, particularily with 
some varieties and in certain areas of the 
country (especially southern). Sprout 
control by other means, such as storage 
conditions and chemical! inhibitors, in 
general have not been nearly as effec- 
tive as on potatoes. 


Experimental Methods 


White and yellow strains of the Sweet 
Spanish variety were selected for this 
work. The white strain, a very poor 
keeper, is exceptionally subject to rot 
and sprouting. The yellow strain, 
under normal conditions, can be ex- 
pected to store well for 2-3 months. 

Unlike the potato, wherein the sprout 
starts from tissue very close to the sur- 
face, an onion shoot or sprout arises 
from the meristematic tissue deep 
within the center of the bulb. The 
larger the bulb, therefore, the more pro- 
tective tissue there is around the grow- 
ing point. To determine whether there 
would be any correlation between dos- 
age treatment and bulb size, two sizes 
were selected from each strain. The 
smaller bulbs are 1.5-2.0 in. in diam- 
eter, and the larger, 3—4 in. 

The bulbs were irradiated outdoors 


* Long Island Vegetable Research Farm, 
Riverhead, N. Y. 

t Biology Department, Brookhaven Na- 
tional Laboratory, Upton, N. Y. 


48 





6 


ee 


SPROUT INHIBITION shown by (left) check, and (center and 
right) onions subjected to 1,000 and 2,000 r, respectively. 
These 3—4-in.-diameter yellow Sweet Spanish onions were 
stored 153 days at 55° F, 70-80% relative humidity 


September 15-17. for 48 hr at Brook- 
haven National Laboratory with Co 


y-Tays. 


To get more uniform distribu- 


tion of ionization within the bulb, they 
were rotated 180 deg at the end of 


24 hr. 


Bulbs 


Dosages of 1,000, 2,000, 4,000 
and 8,000 r were obtained by varying 
the distance from the source. 


from all treatments plus a check were 
then placed under two storage condi- 


tions: (a) temperature, 60—65° F; R. H., 
(b) temperature, 50- 


30-40 %; 


and 


55° F; R. H., 70-80%. 


Result and Discussion 


The experiment was concluded Feb- 
ruary 17, 1955, after 153 days in stor- 


age. The results are given in the table 
and the illustration. Incidence of rot 
was fairly high, but this data has not 
been included since there was no indi- 
cation that any of the irradiation treat- 
ments affected this factor. 

Dosage of 4,000 r was effective in pre- 
venting sprouting of the No. 1, or 
jumbo-size, onions. There was a slight 
amount of sprouting in the small onions 
at this rate, but none at 8,000 r. The 
explanation for this is that within any 
one strain or variety the smaller onions 
are more subject to sprouting than the 
larger bulbs. 

The Sweet Spanish variety is not 
considered to be a long-storage-type 





Effect of Various Treatments on Sprouting of Sweet Spanish Onions * 


Treatment 


55-deg storage 
yellow 


white 


65-deg storage 
yellow 


white 


Diameter (in.) 


Check 


Dose (r) 


2,000 4,000 8,000 


1,000 





5-2. 
.0-4. 
5-2. 
.0-4. 


.5-2. 
.0-4. 
.5-2. 
.0-4. 


80 
50 
70 
60 


50 
40 
40 
40 


60 20 
20 0 
20 20 
30 0 


15 20 
30 0 
20 10 
10 10 


* Data given as per cent of bulbs in sample showing sprout growth. 
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onion. Since the 8,000-r treatment 
level was completely effective in sprout 
suppression for this variety, it is reason- 
able to expect a similar degree of effec- 
tiveness in Yellow Globe and other 
storage varieties. Future experiments 
will be carried out to determine whether 
this assumption is correct. 

Incidence of rot was fairly high, espe- 
cially in the high-humidity storage and 
with the white strain of Sweet Spanish. 
There was no indication that any of the 
irradiation treatments affected rotting. 
This factor requires further study with 
much larger samples, however, to 
determine accurately whether any 
trends exist. 

The four-year (’51—’54) average U.S. 
onion production was 119,300 acres 


with an average yield of about 41 
million 50-lb sacks. At an estimated 
$2/sack, this would represent $82-mil- 
lion per year. Providing the cost of 
irradiation and of extra handling is not 
excessive, a reasonable estimate is that 
up to one quarter of the annual crop 
(about 10 million sacks) might be 
irradiated to inhibit sprouting. 
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Effects of Delayed Oviposition 


on X-Ray-Induced Sterility 


By LEO LaCHANCE 


Genetics Department, North Carolina State College, Raleigh, North Carolina 


In radiation experiments with bio- 
logical material, there is often a time 
lag between treatment and investiga- 
tion. This interim is of special signifi- 
cance when animals have sequential 
egg production, since there is then a 
possibility of differential selection of 
eggs and recovery. The present ex- 
periment was set up to investigate the 
effects of delaying the period of ob- 
servation on induced sterility. 

The parasitic wasp Habrobracon (1) 
offers exceptional material for radio- 


biological studies, because with par- 
thenogenetically produced haploid off- 
spring (males) the complications due to 
fertilization and the consequent con- 
cealment of induced recessive gene 
mutations and chromosomal aberra- 
tions do not arise. The most recent 
study of the effects of ionizing radi- 
ations on the fertility and hatchability 
of braconid eggs, made by Grosch and 
Sullivan (2), presents the results ob- 
tained with various types of dose 
fractionation. 





Habrobracon Egg Hatchability on Basis of Development at Irradiation Time 





Mean % 
hatchability 
(days 1-8) 


Ovipositional delay 
(hr) 


Mean % 
hatchability 
(days 9-20) 


Correlation coeff. (r) 
hatchability to egg 
production (days 1-8) 





1.38 
4.89 
3.00 
3.02 
2.19 


Controls (0) 91.2 
0 59.5 

24 76.1 

48 72.3 

72 77.3 


He He He He + 


* Not significant. 


+0.548 
+0.531 
+0.0483* 
+0.381 
+0.378 


81.1 
58.1 
58.3 
69.4 
78.6 


3.27 

.79 
3.63 
3.16 
3.01 


H HH HE 
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In the present experiment, 100 virgin 
females of wild-type stock 33 were 
isolated and separated into 5 groups, 
4 of which were given 3,750 r of X-rays 
at 2,500 r/min, a dose known to pro- 
duce temporary cessation of egg pro- 
duction (2). The wasps were irradi- 
ated with MBL facilities, Woods Hole, 
Mass. The control group and one 
irradiated group were set with larvae 
and were thus enabled to begin immedi- 
ate oviposition. The other three 
groups were kept in shell vials with 
honey at 30° C and were not allowed to 
begin oviposition until 24, 48, and 72 
hr after treatment. 

The effect of this procedure on egg 
production is shown in the graph (time 
is reckoned from beginning of oviposi- 
tion). Although all females had re- 
ceived an exposure expected to result 
in temporary cessation around days 
6-7, egg production failed to fall so low 
when the initiation of oviposition was 
delayed. Low points in egg produc- 
tion did occur on different days from 
the start of oviposition, as shown in the 
graph, but always on the 6th or 7th day 
after treatment. Day-1 egg produc- 
tion is omitted because of the extremely 
high values obtained. The zero-hour 
experimentals produced only slightly 
more than the controls (116%—not 
significant), whereas 24-, 48-, and 72-hr 
experimentals produced 281%, 311%, 
and 275% of controls, respectively. 

The hatchability of eggs produced 
during the first 20 days (see table) fol- 
lows a similar trend to the changes in 
oviposition in that radiation damage 
was not as extreme if oviposition had 
been delayed. The separation of hatch- 
ability data into two periods corre- 
sponds to the development of eggs at 
time of irradiation. Those laid in days 
1—8 were oocytes at the time of irradi- 
ation, while those laid during days 9-20 
were undifferentiated oogonia. In both 
periods, the hatchability improves with 
ovipositional retention. 

The table demonstrates a positive 
significant correlation (except for the 
24-hr series) between the number of 
eggs produced per day and their hatch- 
ability during the first 8 days, for which 
there are also considerable differences 
in egg production (see graph). The 
first 10 days of egg production are the 
most interesting since they encompass 
the period of sterility and recovery. In 
computing means and the coefficient of 
correlation (r) for 0- and 24-hour ex- 
periments, days of near sterility were 
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Egg Production (% of Controls) 











Doys 








EGG PRODUCTION of groups having oviposition delayed for various times after irradi- 


ation; all received 3,750 r X-ray, expected to produce temporary sterility. 


Each curve is 


based on 20 individuals; time is reckoned from start of oviposition 


omitted from computations since a 
single-egg day for the group leaves the 
difference between 100 % and 0 % hatch- 
ability entirely to the fate of that one 
egg. 

In Habrobracon, the female reproduc- 
tive system consists of four ovarioles 
with eggs and nurse cells arranged in 
linear order. First are the large meta- 
phase eggs with radiosensitive chromo- 
somes (3), which are normally laid on 
the first day. These are followed by 
perhaps 15 more resistant prophase 
oocytes (in each ovariole) of decreasing 
size, to be laid on days 3-5. Near the 
distal end of the ovariole is a region of 
differentiation that is extremely radio- 
sensitive (2) and produces eggs to be 
laid on days 5-8. The distal tip con- 
tains mitotically active oogonia, from 
which arise the eggs laid during days 
9-20 (2). 

With doses low enough to produce 
only temporary sterility (3,750 r), the 
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sterile period is usually during days 
5-7, corresponding to the radiosensitive 


region of differentiation. It has been 
cytologically demonstrated (2) that, 
after such a treatment, dissected 
ovarioles show deflated eggless regions 
breaking the sequence (sterile period), 
but followed by maturing oocytes and 
nurse cells (recovery eggs). 

However, when held at 30° C with 
honey, Habrobracon females accumu- 
late eggs by movement of eggs down 
the ovarioles, although none are being 
laid. First-day egg production, as 
given above, is evidence of this storage 
in the egg sacs. It seems probable 
that, with delay, continued develop- 
ment of eggs in the ovarioles success- 
fully fills that portion otherwise empty 
due to radiation damage of vulnerable 
cells. Consequently, the females do 
not go sterile, but egg production is 
lowered. 

The replacement of eggs caused by a 


delay in oviposition seems to be the 
most valid interpretation of the trend 
shown in egg-production curves. It 
also accounts for increased hatchability 
of eggs. 

Because time of delay in initiation of 
productive sequence reduces number of 
nonviable eggs produced, a selection 
effect is demonstrated. Since the data 
(days 1-8) indicate that retention (ovi- 
positional delay) favors deposition of 
fewer nonviable eggs, we can conceive 
that any of three factors, or a combi- 
nation of them, is operating: 

1. Preferential resorption of dam- 
aged eggs and their replacement with 
viable eggs during the period of storage. 

2. Nonpreferential resorption of both 
damaged and nondamaged eggs and 
replacement with viable eggs arising 
from more resistant maturing oogonia. 

3. Recovery from radiation damage, 
such as chromosome healing, which 
perhaps could not occur readily while 
active egg laying is in progress. 

The hatchability data for days 9-20 
suggest that, with retention of eggs, 
fewer damaged oogonial cells survive 
differentiation—a crisis for damaged 
cells. If egg production begins imme- 
diately, more damaged gametes com- 
plete the maturation trip down the 
ovariole and are oviposited. Delay in 
egg laying therefore affects hatchability 
during the entire reproduction cycle. 

The present work points out the need 
for caution in interpreting radiation 
data on any species where shipment, 
storage, or other factors necessitate a 
delay in the start of investigation, par- 
ticularly when biological equivalence 
to results obtained immediately after 
irradiation is in question. Even where 
mammals are concerned, assessment of 
radiation damage must take account of 
the interval between treatment and 
investigation. The time factor could 
lead to erroneous conclusions if neg- 
lected. As in the present case, it 
determines whether a given dose will 
produce sterility or not. It might be 
of interest to consider the possibility of 
refrigeration to minimize the effects 
of the time factor. 

* a * 


The author wishes to express appreciation 
to D. S. Grosch, Genetics Faculty, N. C. 
State College, for guidance in preparation of 
this manuscript, and to H. E. Erdman, 
Lehigh University, for assistance in collect- 
ing data. 
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Atomic power level is closely controlled by research reactor control rods manufactured by General Electric, based on prototypes 
designed and built by the AEC’s Knolls Atomic Power Laboratory which is operated by the General Electric Company. 


Atomic Components Built by G.E. 


REACTOR CONTROL SYSTEMS 
& COMPONENTS 


@ preamplifiers 

@ power level amplifiers 
®@ control rods 

@ rod drives 

@ control consoles 


REMOTE HANDLING EQUIPMENT 


@ manipulators 

@ optical systems 

® inspection stations 
@ transfer dollies 

® charging devices 


COOLANT SYSTEM COMPONENTS 


@ electromagnetic pumps for sodium or 
molten metals 


@ special mechanical pumps 
@ stop & check valves 

@ freeze seals 

@ electromagnetic flowmeters 


REACTOR SERVICE EQUIPMENT 


@ refueling, servicing & maintenance 
equipment 


@ storage equipment 


@ fuel element record systems 


The sale and use of certain of these components for atomic reactor systems is governed by the Atomic Energy Act of 1954. 


These components, built by General Electric, can be 
used for atomic reactor systems for industrial, research 
and educational use. Many of these components were 
designed and developed for the Government’s Atomic 
Energy Program. General Electric also designs and 


builds complete research reactor systems (less fissionable 
material). 

FOR ADDITIONAL INFORMATION contact your 
nearest General Electric Apparatus Sales Office or write 
Section 224-3, General Electric Co., Schenectady 5, N.Y. 
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Blood-Drop Determination 


of Au in Prostate Therapy 
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FIG. 1. Blood-drop and liver radioactivity following perineal Au'®® injection in prostate 
(27 mc in each of two needle sites) and surface radioactivity of extremity following 
intravenous injection of 500 yc Au'®® in malignant-melanoma patient. Dotted lines 
represent discontinuity of blood flow. Radioactivity at 24—26-min interval represents 4 
drops withdrawn by syringe. Tube provides 35 drops/mi at 1 drop per 2 or 23 sec, 
depending on tube tip, venous pressure, blood viscosity, and apparatus vibrations. 
Clotting usually stops flow within 8 min 





Blood 
drop 
collection 











Needle G-M tube in triangular lead shield 











FIG. 2. (A) Blood-drop collection. No. 18 cannula needle without stylus is placed on 
small syringe; forearm vein is punctured half-minute before Au'®® injection; syringe is 
removed and 20-cm polyethylene tube threaded through needle into vein; open end of 
tube is fixed 7 mm above chromatography paper. 12 ft of 1-in. paper backed by 
Scotch tape is rolled on disk and unwound during blood-drop collection. (B) Shielded 
probe counter measures liver activity during injection; shielding is 3 cm lead; cylindrical 
shield aperture has 1-cm diameter and 3-cm depth 


By WAYNE M. ROUNDS* and 
TITUS C. EVANS 

Radiation Research Laboratory 
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State University of Iowa 
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Increasing clinical use of Au! col- 
loid emphasizes the need for more study 
of possible systemic effects (1-9). 
With the large doses frequently used in 
treating carcinoma of the prostate, 
surveys are necessary to learn the pro- 
portion of the interstitial Au! that 
enters the circulation and endangers 
organs of the reticulo-endothelial sys- 
tem, particularly the liver and bone 
marrow. 

Several techniques for determining 
blood-level radioactivity are interval 
blood sampling, monitoring an extrem- 
ity, and recording the radioactivity of 
an arterio-venous shunt (10). The 
main defects of these methods are: 
Blood sampling is slow during the rapid 
fluctuation of Au’ blood concentra- 
tion (11). When monitoring an ex- 
tremity, it is difficult to shield against 
the large background variations. The 
shunt method presents surgical and 
other problems, as well as high statisti- 
eal variation during rapidly changing 
blood-level radioactivity. 

The method described here, a modi- 
fication of interval blood sampling, 
requires simple apparatus and vena 
puncture of a single vein. The result- 
ing curve reflects rapid changes of 
Au'®® concentration and is accurate for 
blood levels encountered during pros- 
tatic Au!** injection. 

To obtain the data of Fig. 1, 1-em? 
areas of blood drops chosen at approxi- 
mately 15-sec intervals are counted 
using a mica-end-window tube. Drops 
are collected by rotating large-size filter 
papers under a needle inserted into a 
forearm vein. With the arrangement 
shown in Fig. 2, patient blood loss is 
about 6 ml. Time can be coordinated 
with interval marks on the tape. 

The blood radioactivity level is com- 
pared with a standard Au'**-blood so- 
lution dropped on chromatography 
paper in the same way as the patient’s 
samples. Thus, the me of Au’ per 
5,000 ml of blood can be determined as 
in Fig. 1 and curve A of Fig. 3; the 
peak values, 6.3 and 6.0 me, respec- 
tively, may be liberally interpreted 
as the minimal amount of interstitial 
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Detectolab DZ21 
Francis-Bell Spectrometer 


This instrument is a combination linear amplifier, 
count rate meter, high voltage supply and single 
channel pulse height onalyzer. It is ideal for 
thyroid uptake work; counting Chromium or lodine 
in the presence of the other; and scanning for 
brain tumors. 

The front panel has the necessary provisions for 
setting the voltage, selecting the counting rate 
range, adjustment of gain, setting the channel 
base ‘'E’’ and selecting the window or slit width. 
It is ideally suited for use with our Model DP21 
Scintillation Probe. 


SPECIFICATIONS 
Window width: Adjustable from 0 to 10 volts. 
Span of "E”’ Dial: 100 volts. 
Amplifier Rise Time: 0.3 microseconds. 
High Voltage: 600 to 1300 volts positive with 
0.1% regulation. 


. , | : 1 
| HE DEMANDS OF INDUSTRY and science for reliable Seute Samgess 5, 1, 3, eS enue per seened. 
Preset Timer: 100 seconds full scale reading. 


nucleonic research instruments is keeping the drafting 
boards at Detectolab busy with design activity. New instru- 
ments such as the above DZ21] Medical Spectrometer are 
urgently needed for the headlong race of science over 
problem barriers. 

Detectolab keeps pace with its knowledge, modern facili- 
ties, and practical field experience. Detectolab is staffed 


Quality 
with men who have first-hand knowledge, from field ex- where it COUNTS 


perience, of the exacting demands for reliability in research 


instruments. c ; 
Detectolab is fully equipped to design and produce 
nuclear equipment from a simple Geiger tube to a Twenty XS Y \ et Oo @ | F Inc. 
Channel Pulse Height Analyzer. Whatever your need is Ok 

in nuclear research equipment, Detectolab stands ready euae &. Sheridan Road 


to supply you efficiently and economically. 

Won't you contact us soon so we may aid you in deter- 
mining the right instrument for your specific needs. 
Detectolab has specially designed instruments for most an affiliate of Borg-Warner 
nuclear work, Every instrument is fully guaranteed. Corporation 
Write to: Detectolab, Inc., Dept. N-4, 6544 North Sheri- 
dan Road, Chicago 26, Illinois. 


Chicago 26, illinois 
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FIG. 3. Paper strip containing blood drops 
after interstitial injection was measured in 
two ways to indicate change in Au'** 
content: For curve A, strip was passed 
under counter; area counted was same for 
each drop. For curve B, each drop was 
cut out of strip and placed in automatic 
sample changer; since counter window was 
larger than maximum drop size, whole 
drop was counted 


dose entering the circulation. To con- 
firm the blood-drop results, determina- 
tions are performed on several ml of 
blood from the same or another vein 
using a liquid counter. 

Data such as in Fig. 3, curve A, are 
obtained with a mica-end-window tube 
placed directly over a 6.8-mm-diame- 
ter aperture in 14 ¢-in. lead covering the 
blood drop. The 8-min radioactivity 
level is determined from a 12-ml blood 
sample placed inside a_ well-type 
counter. 

To obtain Fig. 3 (curve B) data, 
whole drops at 15-sec intervals are cut 
from the same strip used for curve A 
and placed in an automatic counter; 
note the similarity of the two curves. 
The smooth curve of the whole-blot 
areas indicates that variation due to 
drop size is not appreciable. As a 
check on possible geometry considera- 
tions, several determinations were 
made using 1—5 ml of blood in a well- 
type gamma-sensitive counter. The 
values agreed satisfactorily with those 
of blood drops counted with the mica- 
end-window counter. Multiple de- 
terminations of the blood drops yielded 
variations of 5-10% of the mean. 
The statistical error is less for the 
higher blood levels of radioactivity 
encountered in prostatic radiogold 
cases and greater for the lower blood 
activities encountered in intracavitary 
administration. 

The device used for liver-radioac- 
tivity determinations (Fig. 2B) is not 
highly sensitive, since in prostatic 
radiogold cases the liver uptake of 
radioactive colloid is sufficient to yield 


54 


a suitable curve. When the collimat- 
ing lead triangle is placed beside the 
ileum, the gamma activity recorded is 
largely that originating in the prostatic 
region. Less scatter and a more ac- 
curate estimate of the radioactivity in 
the region of the injection is obtained 
with the device suspended over the 
pubic region; however, placement at 
the side of the body eliminates heavy 
equipment and simplifies the procedure. 
Hand monitors permit less exposure to 
the operator, but collimation is rela- 
tively poor. Counts over the liver are 
recorded by an automatic counter for 
15-sec intervals during the early min- 
utes of the procedure. Later, with the 
patient in the recovery room, full 
minute counts are taken with an occa- 
sional comparative reading of the pros- 
tatic area. 

The blood-drop method has served to 
evaluate readings made of an extrem- 
ity, over the liver, and over the injec- 


tion sites. It has indicated the proper 


time for withdrawing blood for deter- 
mination of loss from the injection site. 
It has also served to check on each 
injection and has helped in developing 
techniques designed to prevent loss of 
the radiogold from the site of injec- 
tion. 
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Calculating Half-Life for Low 
Activities of Short-Lived Nuclides 


By PAUL T. WAGNER 


Industrial Laboratory, Mare Island Naval Shipyard, Vallejo, California 


The following derivation shows that, 
by keeping the counting time constant, 
the half-life can be determined from 
two independent counting periods, 
which may be widely separated. In 
addition, the half-life can also be ob- 
tained from the slope of a curve ob- 
tained by plotting the logarithm of 
total counts in constant counting 
periods against time recorded at the 
beginning of each counting period. 
Thus, one avoids the corrections neces- 


sary when determining half-life by 


plotting the logarithm of the mean 


counting rate against the time recorded 
at the midpoint of the counting interval 
or Schuler’s less direct approach based 
on a series equation. * 


*R. H. Schuler, Nucteonics 10, No. 11, 
96 (1952). 


From nuclear-decay equations we 
obtain 


— dN/dt = XN = ANv, e™ 


The total number of disintegrations 
for the initial time interval, t,, can be 
obtained by integrating. Let A equal 
total number of disintegrations. Then 


ti 
A = \ANo I, e-™ dt = No(1 — e™) 
(1) 


Similarly, the total number of dis- 
integrations, B, for any future time 
interval t; — fe, is 


ts 
B= No]. edt 


= Noe = 4) (2) 
Equation 2 can be changed to give 
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Flexibility in Application 
Versatility in design... 


packaged 
analog-digital 


converters 


Shaft Position to Digital Converters features 
reliability, long life, non-ambiguity and speed 
makes these converters ideal for computers or 
data handling systems where serial read-out is 
preferred. Librascope converters transmit infor- 
mation at almost any rate desired up to 1 mc and 
in some cases above, and may be multiple time- 
shared, holding extra circuitry to a minimum. 
All units quickly adjustable, syncro-mounted. 
Available in Binary, Gray code or Binary deci- 
mal code as shown in chart below. Special units ' FEATURES: 


may be designed to your order. 
Write for catalog information. > Unique, staggered double 
brush pick-off systen 


+ 


¢ Reads out serially into 


tinls 


RESOLUTION PER RESOLUTION DIMENSIONS relays or single or multiy 
INPUT SHAFT REV. OVER FULL RANGE DIAMETER X LENGTH scan matrices 





¢ Analog-digital or digita 


7 digit 128 1 part in 128 
13 digit k 1 part in 8192 


BINARY [i7dict | 1 ~ | I part in 131,072 | 


19 digit 1 part in 524,288 





analog operatior 








0-2000 1 part in 2000 3," x 42%,” 


pais’: 0-3600 200 T part in 3600 Ke" x4,” designed to fit your 
hina ar“ _ Jata-handling prob 


CODED 0-20,000 200 1 part in 20,000 34” x4%y” 


DECIMAL 0-36,000 200 1 part in 36,000 3\%"x6%” 


























GRAY 256 1 part in 256 3\,"x 1'\,” 














Precision gearing Life E tancy: Functi f lead nt 

* SPECIAL : ‘e Expectancy: Function of lead current, 

UNITS Shaft Speed: 120 rpm continuous — For 13 Higit unit @ 2 ma. per brush, life approx. 
Operating temp: —55° C to +-75° C 5x10* breaks or makes at approx. 120 rpm. 

AVAILABLE Shock and Vibration: up to 15 G, 5 to 500 cps. 





Engineers, physicists and mathematicians 
interested in challenging California careers, 
contact Mac McKeague, Personnel Director. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION COMPUTERS, COMPONENTS AND CONTROLS. 


LIBRASCOPE, INC. * 8BO8 WESTERN AVENUE + GLENDALE, CALIFORNIA 
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B = Nee™*(1 — er) 
Substituting ¢, for ts — te 
B = Ne™(1 — e™) (3) 


Dividing Eq. 1 by 3 


—_—_—= eh: 


Rearranging and changing to half- 
life 


0.693t 
ty = A : (4) 


Inz 


For fixed-geometry conditions, 
counts can be substituted for disinte- 
grations. The half-life is then evalu- 
ated from ts, the elapsed time from the 
beginning of the initial counting inter- 
val to the beginning of the second 
counting interval; A, total counts for 
first interval; and B, total counts for 
second counting interval. The count- 
ing time must be the same for each in- 
terval; that is, tz; — to = ft. 

Equation 4 can be rearranged to 


—0.693t» 


+InA 
big 


In B = 


Instead of recording only two equal 
time intervals, any number of con- 
stant-time intervals can be recorded. 
Consequently 


—0.693¢ 


InC = tsa 


+K (5) 


where C = total number of counts for 
a given constant counting time, ¢ = 
total elapsed time recorded at the start 
of the counting period, and K =a 
constant. 

The slope of the line gives a measure 
of the half-life. The latter equation 
agrees basically with Schuler’s equa- 
tion using constant counting inter- 
vals, but all time values differ by a 
constant, and the concept of mean 
counting rate in Schuler’s equation is 
replaced by the concept of accumulated 
counts for a counting interval. The 
slope remains the same for both meth- 
ods of plotting. Both Eqs. 4 and 5 are 
directly applicable to radionuclides of 
short half-life and low activity, without 


corrections. 
* * * 


The views expressed in this paper are those 
of the author and are not to be construed as the 
official views of the Navy Department. 
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Two Floor-Contamination Monitors 


“FIDO,” for detecting beta-gamma floor contamination, utilizes portable survey meter 
(Nucleonic Corp. of America, model RM-1) with end-window G-M tube mounted in lead 
pig with the windows 14 in. from the floor. While not replacing smear surveys, unit per- 
mits quick location of “hot” spots. The 7-in.-diameter pig provides 234-in. shielding; 
smaller pig allowed radiation to enter from sides and gave false indications of con- 
tamination. Wooden mounting block is angled to afford view of meter; in actual use, 
headphones proved more useful—JERE C. AUSTIN, Hot Laboratory Operations Division, 
Brookhaven National Laboratory, Upton, N. Y. (This work was done under the auspices 
of the U. S. Atomic Energy Commission.) 





Pulse amplifier and trigger circuit 
Input circuit 


Audio amplifier for speaker 


ak 


—— Ay 


Low-voltage 
supply 
On-off switch 


Reset switch ——___—__-—. = : — 
ia 


Probe power 
supply 











ALPHA-SENSITIVE FLOOR MONITOR (model FM-1), designed by Mark H. Tattan of the 
Los Alamos Chemistry and Metallurgy Division, provides audible and counting-rate- 
meter indication. Switch provides ranges of 1—2,000 and 1-20,000 cpm. Probe voltage 
is adjustable to allow for changes in atmospheric density 
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SPECIFICATIONS 


INPUT 
20 to 35V DC 
ot approx. 5 m.a. 


OUTPUT FREQUENCY 
400 or 500 cycles 


Type 2007T 
+ —.02% from —65° to + 85°C. 


Type R2007T 
+ —.002% from + 15° to + 85°C. 


Type W2007T 
+ —.005% from —65° to + 85°C. 


OUTPUT VOLTAGE 


5 volts, sine wave. 


Substantially uniform 


pop een ~ FREQUENCY 


several times that of vacuum tubes 


INTERNALLY SHOCK MOUNTED 
on Silastic 


MAGNETICALLY SHIELDED 
HERMETICALLY SEALED These units, which are the result of several years of development 
OCTAL BASE and testing, offer a new standard of simplicity and reliability. 


SIZE Particular! t sls to the itestiitee of cata 
4%" x 1%" diameter articularly noteworthy is the uniformity output signal voltage 


WEIGHT 
7 ounces ideal for airborne and portable use. 


with temperature change. Small size and light weight make them 











For applications where only higher B volt ar ailabl 
COMPLETE INFORMATION ON REQUEST PP Shine? s< ee es 


PLEASE SPECIFY TYPE 2007T simple voltage rcducing circuit may be used. 


American Time Products, Inc. 


580 Fifth Avenue New York 36, N. Y. 


MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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Increasing Fluorescence Efficiency 


of Liquid-Scintillation Solutions 


By MILTON FURST, 
HARTMUT KALLMANN, and 
FELIX H. BROWN* 


Physics Department 
New York University 
New York, New York 


It is important for many appli- 
cations, e.g., chemical, to 
specific substances in a liquid scintil- 
lator. For example, placing radio- 
active substances in liquid scintillators 
may offer higher fluorescent efficiencies 
than can be obtained with the sub- 
stance external to the scintillator. 
However, such a technique is often 
limited either because of quenching by 
the desired substance or because of the 
necessity for introducing additional 
material to make the desirable sub- 
stance soluble. 

This quenching can be partially com- 
pensated for by a method of enhancing 
fluorescence recently reported by us 
(1). It was shown that for many solu- 
tions the addition of sizable amounts of 
appropriate substances (e.g., naphtha- 
lene) effectively produces a new solvent 
that transfers the primary absorbed 
energy to the solute more effectively 
than does the original solvent—and 
often more effectively than solvents 
formed by adding xylene or phenyl- 
cyclohexane. The present paper is 
concerned with applications of this 
enhancement method to boron- and 
water-containing solutions. 

Two types of scintillation solutions 
are often desired. One type contains 
large amounts of an interesting sub- 
stance that ordinarily is poor for high- 
energy-induced fluorescence. Solu- 
tions containing boron, important for 
neutron detection, are of this type. 
The boron problem has been solved to 
a certain extent by employing mixtures 
of phenyleyclohexane and trimethyl- 
borate as solvent (2). 

The second type of fluorescent solu- 
tion requires special solvents, which 
are ordinarily very poor for high- 
energy-induced fluorescence. Of spe- 
cial interest are solutions containing 
water needed to dissolve labeled bio- 
logical materials. Water greatly de- 


dissolve 


* With the Department of Chemistry. 
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creases the high-energy-induced fluores- 
cence and causes solubility difficulties. 


Boron-Rich Solutions 


For the case of boron, alkyl borate 
esters have been found that have a 
greatly increased fluorescence upon 
adding considerable amounts of naph- 
thalene. Thus, as seen in Fig. 1, a 
solution consisting of 26% naphthalene 
by mass and tri-n-amylborate as sol- 
vent and 2,5-diphenyloxazole as solute 
gives a fluorescence intensity 93% as 
great as the same amount of solute in 
pure xylene. the 
fluorescence intensity obtained upon 
adding xylene to the boron-containing 
solvent is also shown (2). Naphtha- 
lene is considerably more effective. 
Almost identical results were obtained 
with tri-n-hexylborate and tri-n- 
octylborate. f 

Naphthalene also increases the high- 
energy-induced fluorescence of tri- 
methylborate solutions with suitable 
solutes—with considerably greater effi- 
ciencies than the same percentage of 

Thus, in a solution of 2,5- 
diphenyloxazole in trimethyl- 
borate and 25% naphthalene, about 
80% of the fluorescence of the same 
solute in 100% xylene is obtained; 
however, in a solution containing 2,5- 
diphenyloxazole with the same amount 
of xylene instead of naphthalene, only 
53% fluorescence is obtained; 25% is 
nearly the maximum amount of naph- 
thalene that is soluble in trimethyl- 
borate atroomtemperature. If greater 
fluorescence is desired, it is best to keep 
the naphthalene concentration as high 
as possible and add xylene or 
phenyleyclohexane while removing 
trimethylborate (1). 

In special cases, the boron content 
may be of prime interest; trimethyl!- 
borate is then superior to triamylborate 
because the boron content is twice as 
great. Another advantage of tri-n- 
amylborate and the higher alkyl esters 
over those used previously in liquid- 
scintillation neutron-counter work is 
the much lower hydrolysis under room 
conditions. 


For comparison, 


xylene. 
75% 


+ These substances were kindly provided 
by the Pacific Coast Borax Co., New York, 
se 
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FIG. 1. Gamma-ray fluorescence of 
2,5-diphenyloxazole (5 gm/I) in solu- 
tions of tri-n-amylborate plus naphthalene 
or xylene 
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FIG. 2. Gamma-ray fluorescence of 
2,5-diphenyloxazole (10 gm/I) in solu- 
tions of p-dioxane plus water 


It may be remarked here that solu- 
tions employing p-terpheny! cannot be 
enhanced with naphthalene because 
of lack of energy transfer; however, a 
substance like biphenyl can be used to 
enhance containing p-ter- 
phenyl as the light-emitting solute. 


solutions 


Water-Rich Solutions 

The second application of fluores- 
cence enhancing is to scintillation coun- 
ters containing considerable amounts 
of water. Water ordinarily produces 
a sizable quenching of fluorescence and 
moreover has only very poor capabili- 
ties of transferring energy to suitable 
solutes. Also, most of the fluorescent 
solutes that are appropriate for high- 
energy-induced fluorescence are at best 
only slightly soluble in water, and most 
solvents with good energy transfer 
properties are not miscible with water. 

P-dioxane is one solvent with excel- 
lent transfer properties that is com- 
pletely miscible with water. Figure 2 
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features 


15, 150, 1500 mr/hr scale ranges 
0 to 150 mr integrating dose range 
Approx. 2 second time constant 
Less than 5% zero drift per 8 hours 
Battery life, 800 hours 

Calibration accuracy,£10% full scale 





‘Jracerlab:... 


130 HIGH ST., BOSTON 10, MASS. 
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SU -IH 


(Giahcarela-talarep) 


meclolrcnalele 


Tracerlab’s new model of the 
Cutie Pie is a tried and proven 
instrument which now features 
an integrating scale in addition 
to three full-scale ranges for 
recording radiation intensity. 
The 150 mr integrating range 
will be found extremely useful 
during experiments as a do- 
simeter. Improved sensitivity 
and stability have also been 
provided. Complete details are 
contained in Tracerlog No. 67, 
available on request. 


2030 WRIGHT AVE., RICHMOND 3, CALIFORNIA 














shows the quenching, produced by dis- 
tilled water, of the fluorescence of a 
2,5-diphenyloxazole solution in purified 
p-dioxane. With 24% water, a quench- 
ing of more than 70% of the original 
light intensity occurs. The addition of 
naphthalene to such a solution results 
in a large increase in fluorescence to 
about 65% of the original fluorescence 
in pure p-dioxane; with 20% water, 
100 gm/1 of naphthalene gives 85% of 
the pure dioxane fluorescence. (The 
fluorescence in pure p-dioxane is 
about 55% of that of a solution of 
5 gm/1 p-terphenyl in xylene.) Only 
slightly more naphthalene or water 
added to such a solution causes it to 
separate into two phases, which is 
undesirable for many applications. 
If more water is required, the amount 











of naphthalene must be decreased, re- 
sulting in a considerable decrease in 
fluorescence. Such solutions may still 
be acceptable for certain counting ex- 
periments. Experiments with pheny!- 
biphenyloxadiozole (3), which is the 
most efficient solute known for liquid 
scintillators, did not produce substan- 
tially fluorescence than 2,5- 
diphenyloxazole, partially because of 
its more limited solubility. 

The solutions shown in Figs. 1 and 2 
give fluorescence yields close to the 
intensities found with efficient 
solutions. Therefore, 
they can be easily used for counting 
purposes, since a very high correlation 
exists between peak height and inte- 
grated intensity measurements (3). 

Naphthalene added to solutions in 


more 


usual 


liquid organic 








Lead source container 


ethanol (95%) or methanol, which are 
often used in biological work, produced 
solutions less than 15% as efficient as 
p-terpheny! (5 gm/l) in xylene. If the 
alcohols are first mixed with consider- 
able amounts of xylene, larger amounts 
of naphthalene can be dissolved and 
higher fluorescence outputs obtained. 


* * * 

This work was supported by the U. S. 
Army Signal Corps under contract DA 
36-039 8c-426 26. 
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FIG. 1. 


Frame of source carrier is welded 1-in. angle iron mounted on 3-in. ball-bearing casters. 
lead. Source assembly, guided by 1-in. i.d. steel pipe, is supported by hydraulic-cylinder plunger. 
weight attached to plunger by stranded-stee! cable. 


/ 
Lead weights 


Switch at end of 25-ft electric cable actuates mechanism. 








Cylinder 
3 


Scale (in.) 





Shield is 7-in. steel pipe filled with 
Source is retracted by 30-lb lead 
Gross weight is 175 Ib 


Portable, Remote-Controlled Radiographic-Source Unit 


By VICTOR E. RAGOSINE and 
CARL D. SARINE 

Research and Engineering Department 
Sprague Electric Company 

North Adams, Massachusetts 


A portable container for a 10-curie 
iridium-192 source (Figs. 1 and 2) can 
be constructed relatively inexpensively 
by using the hydraulic cylinder and 
pump designed for automobile-window 
operation. 
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For assembly, the source holder is 
to the “up” position. The 
outer aluminum tube and the top end 
section are removed. The source is 
then dropped into the source holder 
and the outer aluminum cylinder and 
top end section are slipped in place. 
In normal operation, gravity holds the 
assembly together and holds the source 
in place. When the container is being 
moved to another location, a clamping 
bar fits over the top of the lead con- 


raised 





tainer and holds the source assembly 
firmly in the shield. 

In operation, one position of the 
switch opens a solenoid valve at the 
inlet of the cylinder and also starts the 
pump. The cylinder plunger is there- 
fore raised to the end of its travel. A 
safety valve in the pump prevents the 
build-up of excessive pressure if the 
pump is operated after the cylinder 
plunger has reached its maximum posi- 
tion. The other switch position merely 
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Kinney Swirl — the new simplified 
air-oil separator. 





Unitized Valve Deck 
— easiest to service. 











Low Ultimate Blank-off 
Pressure —a Kinney per- 


formance “plus”. Controlled Gas Ballast 


~— another Kinney ‘‘first’’. 
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the NATURAL cone More and more companies are 


coming to Kinney with their 
ih vacuum problems every day — 
way B:* it's the natural thing to do. 
ie Originator of the cam and 
to get ‘ee = piston vacuum pump, Kinney 
offers more mechanical vacu- 
UNNATU RALLY : um pump models, more 
hg answers to the water-vapor 
“axe = problem, and more highly specialized vacuum experience and 
low 8% knowledge to help you. SEND COUPON FOR DETAILS . 
Bi? 4 or tell us about your own vacuum problems. Consult the com- 
pressu res Ses petent vacuum engineers in our district offices — in Boston, New 
n York, Philadelphia, Cleveland, Chicago, and Los Angeles. 
Kinney Manufacturing Division, Boston 30, Massachusetts. 


KINNEY acc. oivision 
THE NEW YORK AIR BRAKE coarett(f) 
3614 WASHINGTON STREET * BOSTON 30+ MASS. 
Please send Bulletin V54 describing the complete 
line of Kinney Vacuum Pumps. Address 


[] Our vacuum problem involves 
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FIG. 2. Source-assembly end plugs are 
brass tubing filled with lead. Center sec- 
tion consists of 0.005-in.-wall aluminum 
tubing supporting end sections and 0.003- 
in.-wall aluminum tubing that supports and 
positions source 


opens the solenoid valve and the lead 
counterweight lowers the plunger to 
the down position. A neutral position 
on the switch leaves the solenoid valve 
in its normally closed state. Approxi- 
mately 3 see are required to raise the 
source and 7 sec are required to lower 
it. Since currents up to 5 amperes are 
carried in the control cable during the 
raising and lowering periods, it is essen- 
tial that low resistance wire be used. 
The unit described uses 12-gage, rub- 
ber-sheathed service cable. 

Although the probability of solenoid- 
valve failure is small, it would most 
likely fail in the ‘‘down” position, 
since the source would be in this posi- 
tion most of the time. If failure should 
occur in the ‘‘up” position, the source 
can be easily removed and stored. 

With a 10-curie Ir'*? source in the 
retracted source position, the greatest 
radiation level as measured with a 
Cutie Pie is 27 mr/hr; this is confined 
to a small area near the top of the con- 
tainer. The average radiation level 5 
em from the container is less than 5 
mr/hr. 


The authors wish to thank Harry Bernard, 
Jr., for his valuable assistance in the con- 
struction of this device. 


Effect of Body Backscatter 
in Gamma-Ray Personnel! Dosimetry 


By LEONARD R. SOLON and 
HANSON BLATZ 

Health and Safety Laboratory 
Atomic Energy Commission 
New York, N. Y. 


Film badges and pocket dosimeters 
are usually calibrated in free air, but 
under actual field conditions are worn 
on the person. The experiment de- 
scribed here shows that these differences 
between calibration and field condi- 
tions make no practical difference in 
dose calibration. 


Phantom 


To simulate backscatter from the 
body, a mixture consisting of 24 pol- 
ished rice and !4 sodium bicarbonate 
(by weight) was prepared (1). The 
density of this mixture is approximately 
1.2 gm/cm* with an electron density of 
about 3.8 X 10?°/em’. This is to be 
contrasted with an electron density of 
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3.36 X 10?*/cm‘ for unit-density water. 
The effective atomic number of the 
mixture is about 7.8 compared with 
7.42 for The mixture was 
placed in vinyl bags, 1 kg per bag, 
stacked about 1 ft high and 1 ft deep 
to form the phantom. 


water. 


Pocket Dosimeters 


Twenty pocket dosimeters (A. O. 
Beckman model 102) were arranged on 
a circular aluminum ring 1 meter in 
diameter at the center of which stand- 
ard Co® or Ra sources could be placed. 
The dosimeters were exposed (a) in free 
air and (b) with a phantom in place 
behindeach. Dosimeter positions were 
unchanged during the experiment, the 
phantom and sources being moved as 
required. 

The sources used were a 24.8-mg Ra 
source (0.5-mm-Pt filtration) and a 
52.1-mrhm Co® source. Each dosime- 
ter was exposed to 150 mr (34 of full 








scale) and read immediately afterwards. 

The experimental results were ana- 
lyzed statistically to determine whether 
any significant difference existed be- 
tween dosimeters 1-10 and 11-20 for 
the same treatment. When the analy- 
sis indicated no internal difference, the 
results for both groups were pooled 
together. Findings are summarized in 
Table 1. 

Clearly the differences are of no im- 
portance whatsoever from the point of 
view of personnel monitoring. 


Film Badges 


The HASL film-badge holder is 
fabricated from 1-mm-thick sheet alu- 
minum. Densities resulting from 
gamma radiation are measured on a 
section of film that is shielded on both 
sides by 1l-mm cadmium. The film 
pack used is DuPont 508. It is devel- 
oped in Kodak liquid X-ray developer 
and read with a Photovolt 501-R densi- 
tometer. Relative densitometry is 
used; i.e., the densitometer is zeroed 
with an unexposed control film having 
what is presumably the same environ- 
mental history as the batch being 
processed. 

To test the effect of body backscatter 
on film badges, the same phantom and 
sources were used as in the pocket- 
dosimeter experiment. Exposures 
were given in groups of four film badges 
each to 150, 300, 450, and 600 mr, at 
distances of 97.1, 68.7, 56.1, and 48.5 
em, respectively. 

The densities observed for a 600-mr 
exposure are compared in Table 2. 

Designating film density by D and 
radiation exposures by FE, the calibra- 
tion equations, D = a + bE, are 


Co*°-free air 
Co™-phantom 
Ra-free air 
Ra-phantom 
All data 

All Co* 

All Ra 


0.025000 +-0.00094250F 
0.013750+0.00096333E 
0.019375 +-0.00096917E 
0.035625 +0.00093167E 
0.023438 +0.00095167E 
0.019375+-0.00095292F 
0.027500 +-0.00095042E 


A statistical analysis of the slopes (2) 
indicated no significant difference in 
the lines for cobalt. The difference 
between slopes for the radium-free air 
and radium-phantom lines is possibly 
significant statistically (between the 
0.05 and 0.02 level according to the 
t-test) but certainly unimportant prac- 
tically. Comparing the pooled cobalt 
and the pooled radium results together 
yielded a nonsignificant result. 

For each combination, the observed 
densities were put into three calibration 
equations: the equation for Co®°-free 
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The Oak Ridge Swimming Pool Reactor in opera- 
tion-—forerunner of new research reactors for 
which L&N has engineered and built the first com- 
plete “package’’ control systems. This swimming 
pool reactor was designed at ORNL, operated for 
the Government by Union Carbide and Carbon Corp. 


A new concept in nuclear reactor instrumentation... 


L&N Package” Coubrol Cust 


dating from activation of the original Chicago Pile 
using standard L&N instruments which can control 
reactors routinely, without the elaborate customizing 
so often required when velocity-feedback servo 
systems are used. 


Nuclear reactors for private enterprise are no 
longer classified as “‘things to come.”’ College research 
reactor No. 2-—privately constructed, owned and 
operated—-will be in service shortly at Pennsylvania 
State University. And No. 3, the University of 
Michigan Reactor, will follow closely. 

Both the Penn State and Michigan Reactors will 
be completely controlled by L&N “package’”’ reactor 
control systems, the first such package controls ever 
engineered——another “‘first’’ for Leeds & Northrup 
Company, pioneers in precision control; builders of 
the world’s first electronic recorder. 

The package concept involves far more than con- 
trol instrumentation. It includes design services, 
engineering consultation, individualized fabrication 
of panels or cubicles, and more. It’s an approach 


Package reactor control in its various aspects 

is described in our new brochure, “L&N 

Control Systems for Nuclear Reactors.” 
. We'll be glad to send you a copy. Just write 
\ to Leeds & Northrup Company, 4936 Sten- 
4) ton Ave., Philadelphia 44, Penna. 


g 
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ep 
LEEDS IN NORTHRUP 


instruments f : | 
m Sti 


automatic controls « furnaces 


possible only by a group with L&N experience Jrl. Ad ND46-70-7001) 
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TABLE 1—Effect of Phantom on 
Dosimeters 





Average response 





Source setup (mr) 
Co-free air 144.7 + 7.1 (S.D.) 
Co®-phantom 143.6 + 6.5 
Ra-free air 143.6 + 5.7 
Ra-phantom 148.9 + 8.0 





air, that for all four conditions pooled, 
and the equation for the particular 
combination under consideration. 
Using each calibration in turn, the ex- 
posure was calculated for each density 
and the per cent deviation from the 
actual value calculated as 


Se si _ Actual ) 


exposure exposure 





x 100 
Actual exposure 


The average and standard deviation 
of these per cent deviations were calcu- 
lated foreach combination. A statisti- 
cal analysis using the Student ¢ test for 
paired samples (3) showed that the 
only indication of statistically signifi- 
cant differences occurs with radium. 
The most reasonable explanation is 
that the radium gamma-ray spectrum 
includes a large low-energy component 
that experiences more large-angle scat- 
tering than the high-energy radiation 
of Co, 

The differences, although significant 
statistically, are unimportant prac- 
tically. Thus no correction for body 
backscatter is indicated for the HASL 
film badge or pocket dosimeters when 
used for Co or radium gamma rays. 
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TABLE 2—Effect of Phantom on Film 
Badges 








Ave rage response 





Source setup (mr) 
Co®-free air 0.592 + 0.016 (S.D.) 
Co®-phantom 0.593 + 0.005 
Ra-free air 0.597 + 0.005 
Ra-phantom 0.593 + 0.010 
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ACTIVITY-RATIO CURVE, obtained by 
simultaneous activation of Cu and Ag sam- 
ples, permits determination of betatron 
energy stability 


Determining 
Betatron Energy 
by Activity Ratios” 


By MILTON BIRNBAUM,7 ERICH M. 
HARTH, t LEO SEREN, and RALPH TOBIN 
Nucleonics Division 

Naval Research Laboratory 

Washington, D. C. 


Nuclear activations are frequently 
used to determine the energy calibra- 
tion and stability ofa betatron. Photo- 
nuclear thresholds are well suited for 
this but involve a series of measure- 
ments. Asa rapid check on the energy 
calibration, a standard activation curve 
together with a single activation meas- 
urement may be used. In the region 
covered by 22-Mev betatrons, copper 
is a convenient monitor because of its 





* Part of this work was previously re- 
ported: Birnbaum, Harth, Seren, and 
Tobin, Phys. Rev. 89, 897A (1953). 

+ Present Appress: Bulova Research & 
Development Laboratories, Flushing 70, 
N..¥ 

t Present Appress: Physics Dept., Duke 
University, Durham, N. C. 


high specific activity. The test is best 
carried out in the steepest region of its 
photoneutron activation curve (11-12 
Mev). 

The chief drawback of this method is 
its dependence on the measurement of 
the X-ray dosage, which is subject to a 
number of uncertainties. This may be 
avoided, by using as an 
energy indicator the ratio of the activi- 
ties of two different samples that were 
irradiated simultaneously, and for 
which standard activation curves have 
been previously determined. 

The graph shows portions of the 
activation curves for the reac- 
tions Cu®(y,n)Cu® and Ag!""(y,n)Ag!*, 
These were obtained by irradiating 
silver and copper disks simultaneously 
in fixed geometry for 8 min. The cop- 
per disks were counted for 1-21 min, 
the silver disks, 25-45 min after irradi- 
ation. (Thus, the 2.3-min Ag*® ac- 
tivity was allowed to practically die 
out counting.) The 
calibration for the curves 
photoneutron threshold 


however, 


before energy 


was ob- 
tained from 
measurements. { 

The following features distinguish 
copper and silver as a good indicator 
pair when used at 11 Mev: The slopes 
of the two activation curves, together 
with the counting rates, assure a con- 
veniently large slope for the ratio of 
the two activities (0.5%/kev). The 
(y,n) threshold for Ag'®’ is lower than 
that of Cu®*, and the resulting high 
activity at 11 Mev 
little additional error due to the count- 
Thus, in 


introduces very 
ing statistics of the silver. 
the determinations of the ratio in the 
region of 11 Mev, the standard error 
due to counting statistics corresponded 
to an energy uncertainty of only 2 kev. 

The results of the ratio method were 
compared with the energy corrections 
obtained with a single activation curve. 
Copper and silver disks were irradiated 
simultaneously at a fixed Helipot set- 
ting (1 Helipot unit = 13.5 kev), cor- 
responding to about 11 Mev, in thirty 
runs extending twenty days. 
(These runs were in addition to those 
plotted here.) In each case, the activi- 
ties of copper (1), silver (II) and their 
ratios (III) were used in conjunction 
with curves 1, 2, and 3 (see graph), re- 
spectively, to determine an energy cor- 
rection. As might be expected from 
the stronger dependence of III on I, 
the agreement of these two methods 
was better than that between III and 


over 





{A similar experimental arrangement 
and the method of energy calibration is 
described by Milton Birnbaum, Phys. Rev. 
93, 146 (1954). 
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RUGGEDIZED INSTRUMENTS, 


ROLLER-SMITH 


Provides One Source 
for All Your Instruments 


With the introduction of A.C. Rug- 


gedized panel instruments, Roller-Smith 








has made their famous precision instru- 
ment line one of the most complete ever 
offered . . . one which provides you with 
a single source of supply for all your 
instrument needs. 

Styled by leading industrial designers 
and featuring an eye-appealing “New 
Look,” the A.C. Ruggedized line matches 
other Roller-Smith panel instruments 
and provides maximum readability, ac- 
curacy, and maintenance simplicity. 
Available in 21/,” and 31/,” hermetically 
sealed cases, these instruments conform 
to specification MIL-M-10304 (Sig. C). 
These A.C. Ruggedized instruments, like 
all other Roller-Smith products, are pro- 
duced by master craftsmen with nearly 
50 years of precision engineering and 
manufacturing experience. Whatever 
your instrument problem, consult us for 


a practical, economical solution. 


| | | ’ . = ie 
. © @ . Fist. S bo" oe 
1825 WEST MARKET STREET ap BETHLEHEM, PENNSYLVANIA 


Precision Products Since 1908 
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For Measuring 


RADIOACTIVE 


EMISSION 





Gamma Ray 
Pocket Dosimeter 


A personnel protection instrument to 
measure cumulative exposure to x- or | 
gamma rays. The cylindrical case con- 
tains an ionization chamber and a quartz 


fiber electrometer. Optical system en- 
ables position of the fiber to be read 
easily upon a 40-division translucent 
scale. Standard range 0-200 milliroent- 
gens. Size 454” x 4” dia. 


Other CAMBRIDGE Instruments 
LINDEMANN- 


RYERSON 
ELECTROMETER 





Ps 


has high sensitivity and good stability. 
Does not require leveling. When reading, 
the upper end of the needle is observed 
on a scale illuminated through a window 
in bottom of case. Size 8.3 x 6.5 x 3.5 
cm. Weight 0.17 kg. 


CAMBRIDGE PORTA- 
BLE PROJECTION 
VIEWER—This new 
Projection Viewer, 
used in conjunction 
with the  Linde- 
mann-Ryerson Elec- 
trometer, facilitates 

observation of the 
deflection of the electrometer pointer. A 
beam of light from a lamp in front of 
the case projects the image of the index 
pointer onto a mirror in the rear of the 
case. This image, magnified 100 times, is 
then reflected upon a translucent screen, 
clearly visible in the front and upper 
part of the case. This screen is 120 mm. 
long and is divided into 120 divisions 
numbered 60-0-60. The pointer is zeroed 
by grounding the electrometer by means 


of a rubber bulb. 


“CHANG and ENG" FAST NEUTRON DETEC- 
TOR follows closely original design of 
U. S. Atomic Energy Commission. Con- 
sists of twin ionization chambers, Linde- 
mann Electrometer, reading microscope 
and dry cells. Self-contained. 


PRECISION IONIZATION METER (Failla De- 
sign). A complete instrument for null 
methods of radioactivity measurement 
where background radiation effects must 
be eliminated. Operated from A.C. out- 
let. 





Send for complete information 
CAMBRIDGE INSTRUMENT CO., INC. 


Pioneer Manufacturers of Precision Instruments 


3774 Grand Central Terminal, N. Y. 17, N. Y. 
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II. In both cases, the differences be- 
tween the energy corrections were dis- 
tributed symmetrically about zero. In 
the first case, the maximum difference 
was 4 helipot units (54 kev), and the 
standard deviation from zero was 0.4 
helipot units (about 5 kev.). In the 
second case, the maximum difference 
was 4 helipot units, and the standard 
deviation 2 helipot units (27 kev). The 
total shift in energy over this period 
was 4 helipot units. Thus it appears 
that a considerable fluctuation was 
present in the silver determinations 
that are not accounted for by energy 
shifts. The reliability of the copper 
data was about 5 kev; the ratio method, 


Electrodeposition 
of Plutonium 


By FLETCHER L. MOORE 

and GILBERT W. SMITH 

Oak Ridge National Laboratory* 
Oak Ridge, Tennessee 


In this investigation, a method was 
developed to electrodeposit uniform, 
adherent plutonium films of the order 
of 0.1 mg/cm? on metal plates to be 
used as alpha standards or for precise 
fission counting. 

In methods suggested earlier for 
cathodic electrodeposition of pluto- 
nium (1-4) (see box), except Cook’s 
(5) where low yields were obtained 
even at tracer levels, preoxidation 
to plutonium (VI) and electrodeposi- 
tion in alkaline solution is required; 
this may introduce impurities or re- 
quire tedious, time-consuming oxida- 
tion methods. By our procedure (see 
box, Figs. 1 and 2), similar to that of 
McAuliffe (6) for uranium, unoxidized 
p'utonium (chiefly Pu‘*) is electrode- 
posited from oxalate medium on plates 
as large as 100 cm? with film densities 
up to 0.13 mg/cm’. 

Plutonium (IV), the predominant 
valence in the usual 4-8M nitric acid 
solutions, was first tried to avoid oxi- 
dation to the VI state. The high yield 
of electrodeposition with 
herence and uniformity may be related 
to the known (7) complexing of plu- 
tonium (IV), especially in ammonium 
oxalate solution. 

An obvious advantage of using an 


good ad- 


* Operated by Carbide and Carbon 
Chemicals Co. for the U. S. Atomic Energy 
Commission. 


therefore, is accurate to about 10 kev. 

It is evident that the ratio method 
may be used to test the energy stability 
of a betatron in a way that is independ- 
ent of the X-ray monitor response. 
Moreover, a curve like curve 3, once 
calibrated absolute energy 
standards such as photonuclear thresh- 


against 


olds, may be used as a substandard by 


other laboratories. It would only be 


necessary to duplicate the sample 
dimensions. In the above experiment, 
silver and copper disks of identical 


dimensions (0.040-in. thickness, 1.750- 
in. diameter) were irradiated with the 
disks stacked together, the silver disk 
closest to the betatron doughnut.‘ 





MG.. 1. 
have been built, one for 2-in.-diameter 
plates (shown here with stirrer raised) and 


Two electrodeposition assemblies 


the other for 5-in. plates. For 2-in. for 
smaller plates, Fisher Powerhouse is satis- 
factory d-c source; for 5-in. plates, supply 
giving constant 15-20 amperes, d-c, at 
5-10 volts over period of several hours is 
required. Anode-stirrer lead is connected 
to motor housing and platinum stirrer is 
held in chuck with aluminum-foil packing; 
plate cathode lead is clamped to bolt on 
cell-holder base 


ammonium oxalate bath slightly acid 
to phenol red is that many elements, 
which form insoluble hydroxides, re- 
main in Also, other ele- 
ments that form soluble oxalate com- 
aluminum, do 


solution. 


iron and 
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Earlier Pu-Deposition 
Methods 


A number of methods proposed 
for cathodic electrodeposition of 
plutonium, probably as a hydrated 
oxide, on metal foils or plates have 
various disadvantages. 

Cook (5) attempted unsuccess- 
fully to separate plutonium (III) 
and (IV) in acetate solution from 
uranium and found that though 
low temperatures favored pluto- 
nium deposition, low yields were 
obtained. 

Miller (1) electrodeposited films 
of 1-mg/cm?* surface density from 
plutonium (VI) solution in 2-3 hr 
from 0.12M potassium hydroxide 
with at least 90% yields, though 
the deposits were impure, probably 
due to codeposition by hydroxide 
group elements in the alkaline 
solution. 

Hufford and Scott (2) obtained 
erratic results with Miller’s Proce- 
dure and proposed a sodium 
bicarbonate-carbonic acid electro- 
lyte, which required the plutonium 
to be in the (VI) valence state and 
gave only 50-70% yields with 0.1 
mg/cm? of impure plutonium 
deposited. 

R. W. Dodson, et al., (3) pro- 
posed an ammonium hydroxide- 
ammonium carbonate electrolyte, 
but recommended an elaborate and 
time-consuming procedure for oxi- 
dation to the plutonium (V1) state 
and claimed the film to be of high 
purity at densities of 0.2 mg/cm?. 

Miller and Brouns (4) oxidized 
to the plutonyl state with ozone and 
electrodeposited quantitatively as 
high as 9 mg in 2 hr, using a 
1-2M potassium hydroxide bath. 
All elements that precipitate as 
hydroxide were shown to interfere, 
however. 





not precipitate to interfere with the 
electrodeposition. * 

While it was not the purpose of this 
work to electrodeposit the plutonium 
quantitatively, it was observed that 
the plutonium electrodeposited essen- 
tially completely at the tracer level. 
When 0.1 mg/cm? of plutonium was 
deposited, the yields varied from 85- 


95% in 2-3 hours. Increased elec- | 


* A precipitate appears when a concen- | 


trated plutonium solution is added to the 
bath; however, upon stirring, the precipi- 
tate readily dissolves. 


Vol. 13, No. 4 - April, 1955 





npanion fi 


pty Fw 5 Sy 4% 
LP A ee 
What Pa) i € & Ya % 


“John Crane’’ chemically inert, corrosion, heat and fatigue resis- 
tant bellows (made of Teflon) are now available furnished with 
companion flanges. Flanges conform to American Standard bolt 
hole circles and numbers. 

Strength, service life and flexibility have been increased through 
development of a new convolution form. Bellows are formed at full 
free length, thus reducing residual and working strain to a mini- 
mum. Expansion and contraction in either direction takes place 
with equal freedom of motion. Operating temperature ranges from 
—300°F. to + 500°F. . . . pressures to 75 psi. 

Bellows flanges are French-type gasket construction to provide 
highest possible sealing efficiency at low flange pressure. Resilient 
insert material is asbestos or synthetic rubber. 

Investigate “John Crane’ Teflon bellows with companion 
flanges for your “‘hard-to-handle”’ applications . . . vibration damp- 
eners . . . expansion joints . . . flexible con- 
nectors. Supplied to fit any pipe size from % ” 
through12”.Other designs for metering pumps, 
pressure accumulators, batching scales, 
hydraulic systems and similar applications. 

Contact ‘John Crane”’ for full information, 
including booklet, The Best in Teflon. Crane 
Packing Co., 1849 Cuyler Avenue, Chicago 
13, Illinois. In Canada: Crane Packing Co., Ltd., 

617 Parkdale Ave., N., Hamilton, Ont. 


(2) 


INDUSTRIAL PROGRES 









Pariscones 


For 


“HOT SPOT” 


Remote Observation 


A custom designed industrial periscope 
is very often the answer to “Hot Spot” 
remote control handling, instrumenta- 
tion and observation. We have designed 
and manufactured many such peri- 
scopes. 


If you have a problem calling for a 


periscope or for any precision optical | 


system, check with us. For nearly half a 
century Kolimorgen has designed, de- 
veloped and manufactured precision 
optical products including Industrial and 
Naval Periscopes, Fire Control Devices, 
Projection Lenses and Navigational In- 
struments for Inclustry and for the Armed 
Services. 


Send for Bulletin 301 





CORPORATION 


Plant: 347 King Street, Northampton, Mass. 
New York Office: 
30 Church Street, New York 7, New York 
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FIG. 2. Specifications for 5-in. deposition cell (shown here) are: brass cell-holder base— 
815-in. diameter by !4¢ in. thick with 4%<-in.-long (10-32) bolts; brass cell collar—7 !9-in 
o.d., 5'5-in. i.d., and 14 in. thick; Pyrex chimney—112-mm i.d. at bottom, 124-mm i.d. at 
top, 115 mm high, and 70 mm from shoulder to bottom. 
are: stainless-steel cell-holder base—3%¢ in. square by 
brass (10—24) bolts; stainless-steel cell collar—2!, 4 in. square by 3¢ in. thick with 46-mm- 
i.d. hole; Pyrex chimney with shoulder—41-mm i.d. by 43-mm height. 
is polished, 35-mil-thick stainless steel (347), cut in 2- and 5-in.-diameter circles; if platinum 
is used, mirror-finished 10-mil sheet is recommended. 
B.fand S. No. 14 gage platinum wire coiled parallel to the plate to a 1.9 + 0.2-em 


diameter; for 5-in. plates, 4-in.-diameter flat platinum 45-mesh screen is used 


trolysis time should give quantitative 
recovery, if desired. Frequent samp- 
ling of the bath is necessary to follow 
the course of the electrodeposition 
closely. 

The addition of 1.5 equivalents of 
hydrofluoric acid had no apparent ef- 
fect, while 37 equivalents reduced the 
yields to 30-50% and gave black, non- 
adherent deposits. When iron was 
added to the extent of 10% of the 
weight of the plutonium, no effect was 
observed. Uranium is well known (6) 
to electrodeposit under the conditions 
used. A few experiments in which the 
ammonium oxalate was replaced with 
an equal molarity of sodium citrate 
resulted in no electrodeposition of plu- 
tonium. Other complexing acids such 
as sulfuric and phosphoric are known 
to inhibit the electrodeposition. No 
other interferences were studied. It is 
recommended that nitric acid solu- 
tions of highly purified plutonium be 
electrodeposited. 

The plate uniformity was deter- 
mined by means of radioautographs 
and densitometer readings. On a 
series of 15 2-in. plates, the maximum- 
density-difference ratio* varied from 
1.20 to 2.26 with an average ratio 
of 1.58. Five-inch plates showed a 
greater deviation. 

Experiments showed that low tem- 
peratures favored plutonium electro- 
deposition, with best plates made below 
'45° C. To obtain these temperatures, 
| 2-in. plates require no cooling, whereas 
5-in. plates must be cooled with a 
stream of flowing water. 

* * * 


The authors gratefully acknowledge the 
work of J. H. Oliver, W. A. Brooksbank, and 


| ™* Density-difference ratio = (max. opti- 


}cal density — min. optical density) /(min. 
| optical density). 





Specifications for the 2-in. cell 
3¢ in. thick with 254 ¢-in.-long 


Deposition backing 


Anodes for the 2-in. plates are 





Plating Procedure 


Clean the metal plates or foil by 
washing several times with reagent- 
grade carbon tetrachloride, followed 
by acetone. Dry without han- 
dling. If platinum plates are 
used, flame to a dull red color 
before using. Fill the clean as- 
sembled cell with ammonium oxa- 
late solution (40 gm/l; 380 ml in 
the 2-in. cell, 300 ml in the 5-in. 
cell) and pipet into the cell an ap- 
propriate aliquot of plutonium 
solution in nitric acid. Insert the 
platinum anode stirrer, adjust to 
about ‘5 in. above the cathode, and 
stir at about GO rpm. Add several 
drops of phenol red (0.04%), make 
just alkaline with concentrated 
ammonium hydroxide, make acid 
with concentrated nitric acid solu- 
tion, and add 3 drops excess of 
nitric acid. After the solution is 
thoroughly mixed, sample by means 
of a microliter pipet and evaporate 
the aliquot on a metal plate for 
counting. Connect the leads from 
the power sources. FElectrolyze at 
0.15 amperes/cm?. The 5-in. cell 
is cooled by circulating water. 

Begin sampling 60 min after 
start of electrolysis in the 2-in. cell 
and 2 hr after starting in the 5-in. 
cell, and sample every half-hour 
thereafter. Maintain the solution 
slightly acid to phenol red. If 
quantitatwe electrodeposition is not 
desired, discontinue when sam- 
pling indicates 90% plated. Re- 
move solution from the bath by 
vacuum and wash the plate thor- 
oughly with water followed by 
acetone. Dismantle the cell and 
flame the plate to a dull red color. 
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T. G. Harmon in making radioautographs 
and densitometer medsurements. 
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TECHNICAL BRIEFS 


T.O primary standard prepared. J. 
Farr and D. T. Vier, Los Alamos 
Scientific Laboratory, report preparing 
standard T,0 by circulating T, over 
resistance—furnace-heated CuO with a 
Toepler pump and removing T.O from 
the gas stream with a liquid-nitrogen- 
cooled U-tube trap. The 97.6-mole %- 
pure T. exerted a pressure of 32.095 
em at 25.7° C in 19.96 cm® so that 
there were 7.519 cm* of pure Ty, at 
S.T.P. Assuming a half-life of 12.26 
yr, the gas has a specific activity of 
2.60 c/em* and the solution an activity 
of 19.55 c/liter. 


@ 30 Watt Transistor Magnetic Amplifier 


@ 64 Scaler 
@ Linear Amplifier 




















e Composite Safety Amplifier 


@ Magnet Amplifier 
e Linear Preamplifier 





Dental studies use isotope tracers. 
At the University of Michigan School 
of Dentistry, J. T. Hartsook et al. | 
determine, with radioisotopes, how 
calcium hydroxide is absorbed by the 
teeth when used to seal the pulp of 
diseased teeth. Calcium hydroxide 
treatment, although successful with 
permanent teeth, is only 50% effective | 
applied to ‘“‘baby” teeth. Studies 
will be made on animal (not human) 
teeth. 


ARCHBALD, PENNSYLVANIA 





INDIVIDUAL 
OR COMPLETE CONSCLES 
by 
DAYSTROM INSTRUMENT 


@ Log Count Rate Meter 


e@ Sigma Amplifier 
@ Period Amplifier 


Dry-distilling I'*' from TeO.. In dry- 
distillation separation of I'*' from 
irradiated TeO., K. Taugbél and K. 
Samsahl of JENER find that the 
dioxide can be used repeatedly, giving 
high yields (>90%) and requiring few 
chemicals in the separation; the method 
is less time consuming than current 
techniques. Since the dioxide melting 
point is about 735° C and its vapor 
pressure below 700° C is relatively 
low, it appeared to be the best starting | 
material. Distillation was carried out | 
at 650°-680° C, 2x 107? mm. The) 
I'3! is collected in sodium bisulphite 
solution. Radioassay of the residue 
showed no iodine activity; collected 
activity was almost pure ['*!, 
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Calculating 


Thermal Utilization 
for Large 


Thermal Reactors 


By R. W. HOUSTON 

Department of Chemical Engineering 
Columbia University 

New York, N.Y. 


The equations presented by Wein- 
berg (1) for estimating thermal utiliza- 
tion, f, in an infinite heterogeneous 
reactor are extended here to include 
the effects of coolant or cladding in the 
lattice. The results are particularly 
applicable to gas- or heavy-liquid- 
metal-cooled reactors. 

In heterogeneous-reactor design cal- 
culations it has been customary to esti- 
mate k,, by means of the four-factor 
formula, k,, = nepf. For calculating 
f, the original equations do not account 
for lattice materials other than moder- 
ator and fuel (1). Later treatments 
consider the presence of a nonabsorbing 
coolant that separates a cylindrical fuel 
element from the moderator (2, 3). 
These are extended here to include 
neutron absorption in a fuel element’s 
protective cladding, which typically is 
a very thin aluminum or zirconium 
jacket. 


Derivation 


The principal assumptions are: (a) 
elementary diffusion theory applies, (b) 
thermal-neutron flux gradient vanishes 
at the lattice cell boundaries, (c) lattice 
cell is representable by cylindrical 
geometry, and (d) production rate of 
thermal-neutrons is uniform in moder- 
ator and zero elsewhere. 

The first assumption, a matter of 
convenience, is not wholly justified in 
cases where the lattice dimensions are 
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FIG. 1. How absorbing and nonabsorbing coolants affect thermal utilization for the 


fuel-element configurations considered here. 


Curve designations apply to shapes in 


Figs. 2-5. Curves marked (a) apply to neutron-absorbing coolants; curves marked (b) 


are for nonabsorbing coolants 


small relative to the mean free paths 
for neutron scattering. Strictly speak- 
ing, the second assumption is valid only 
for an infinite reactor, but it is admissi- 
ble for a reactor that is large in com- 
parison to lattice cell size. The third 
assumption seems admissible largely on 
the basis of reason. 

The fourth assumption is reasonable 
if the over-all cell size does not exceed 
a few slowing-down lengths. If coolant 
occupies a sufficiently large fraction of a 
lattice cell and if it is also a good moder- 
ator, the results presented here are 
likely to be in error. Unfortunately, 
this may preclude treatment of many 
water- and heavy-water-cooled reactors 
unless the moderator in each case is the 
same as the coolant. Thus, the results 
are best applied to gas- or heavy-liquid- 
metal-cooled reactors, for which these 
assumptions are more reasonable. 

As originally given, the derivations 
consist of writing the neutron-balance 
equations for each portion of a lattice 
cell, and solving the set of coupled 
equations to determine 1/f, the ratio of 
the total number of thermal neutrons 
produced in a cell to the number ab- 
sorbed in the fuel. By definition 

f- ies _ZasV sr 
Las V shy - Zam V mOm + LacV cHe 
or y-* =1+ (LamV mOm/ Las V sys) + 
( LacVede Las V shy) = (dV m Las V shy). 
In some cases presented here, the 





| Symbols 


D,= diffusion coefficient, cm 
f = thermal utilization = ra- 
tio of thermal neutrons 
absorbed in fuel to total 
thermal neutrons ab- 
sorbed by fuel, moder- 
ator, and other materials 

in reactor 

F = function defined for Fig. 2 

Go, G, = defined for Figs. 2 and 3 
Io, I1, Ko, Ky = modified Bessel functions 
of Ist and 2nd kind, 


respectively 


k.. = infinite multiplication fac- 
tor 
P,, P2, Ps, Ps = functions defined in Fig. 2 


p = resonance escape proba- 
bility 

q = rate of thermal-neutron 
production per unit vol- 


ume 
R = distance from origin, cm 
V = volume per unit length of 


cell, cm*®/cm 
€ = fast-fission factor 
7 = average number of fission 
neutrons per thermal neu- 
tron absorbed in fuel 
x = inverse diffusion length 
for thermal neutrons, cm~! 
= macroscopic thermal-neu- 
tron absorption cross sec- 
tion, cm~! 
@ = mean thermal-neutron 
flux, neutrons /cm?/sec 


Mw 


Subscripts: 
c, b = coolant, f = fuel, m = moderator 
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Two years ago the only customer for nuclear equipment 
was the Federal Government. Today a very real demand 
for at least one item of nuclear equipment—research, or 
low power, reactors—is sweeping the country. This is 
a good example of the way the nuclear power industry 
is growing healthily and rapidly. Babcock & Wilcox is 
building up its Atomic Energy Division in pace with this 
growth. Having led the steam power industry for many 
years, B&W recognizes a strong responsibility to take 
the lead in commercial application of atomic energy. 


One of the primary needs of any new industry is equip- 
ment for basic research and development. Another is 
equipment for educating and training engineers and 
technicians. Both of these needs can be met for the nu- 
clear power industry with B&W research reactors. 


B&W has designed several types of low-cost, low-power 
reactors for fundamental research, student education, 
and materials testing purposes. These units also may be 
used in some cases for production of small quantities of 
radioisotopes. Two of these reactors—one a water boiler 
type, the other a swimming pool type—are shown here. 
They have been tailored to fit into the ordinary uni- 
versity or research budget. B&W will modify and con- 
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hesearch heactors at reasonable cost 


eee @ Step toward economic nuclear power 


struct this equipment on a fixed-price basis to meet the 
requirements of each individual user. 


B&W brings to the nuclear field a wealth of practical ex- 
perience in power generation, steam technology, corro- 
sion research, high temperature metallurgy, and heat 
transfer. 


B&W’s background in atomic energy work dates from 
the early days of the Manhattan Project. The Company 
is currently working with many utilities in the design of 
nuclear power plants and is fabricating special nuclear 
power equipment for submarine propulsion and experi- 
mental reactors. The combination of B&W’s long and 
active identification with important atomic energy proj- 
ects and its accepted leadership in conventional power 
generating equipment places the Company in a unique 
position to supply nuclear reactors at reasonable cost 
and with reasoned engineering. The Babcock & Wilcox 
Company, Atomic Energy Division, 161 East 42nd 
Street, New York 17, N. Y. 
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FIG. 2. 


Externally cooled fuel rods 


(a) Absorbing coolant, >... ~ 0 








l film R. 
-= —— PG — P.F 
; eV, + R,’? 
Waals . Ze m Vn 
+ = — PG + —— P. 
LasRy Zac b f 


where: Go(X,) = [Xy Io( Xs) /21i:(X,)] 
F(Ym,¥-) = [(Y¥m? — Y.?)/2Y-] 
T(¥m)Ko(¥o) + Ki(¥ m)1o(¥e) 
Ti(¥m)Ki(¥.) — Ki(¥m)Ih(¥-) 
MP(Z;,Z.) = 11(Z0) Ko(Z.) + Ki(Z,s)I0(Z-) 
MP:}(Z;,Z,) a Ko(Zys) I1(Z-) + Io(Zs) K1(Z,) 
MP3(Z;,Z.) 
= [2/Z;] [Ki(Z)I1(Z-) — 11(Z;) Ki(Z,)] 
MP (Z;,Z.) ' 
= [Z;/2] [Ko(Zy)I0(Z-) — Io(Zs) Ko(Z-)] 
M(Z;) = 11(Z;) Ko(Zs) + Ki(Zs)10(Z,) 


(b) Nonabsorbing coolant, =.. = 0 





1 ZamVin 
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B ¢ = xy Ry, Ve = Nua Thes Yn = xXmERm, 
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FIG. 3. 


Internally cooled fuel tubes 


(a) Absorbing coolant, 2.. # 0 


L _ _ ZamVmnP iGo, RFP Go 
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R. Lach,” Lach. 
where: W = t P3Go -—- — z - P2 
R,; Las R;? Las Ry 


and Go, F and the P functions are the same 
form as under Fig. 2, but with the arguments 
Go(Z.), F(Y¥u,¥s), P1(Xe,Xs), PolXe,Xs), 
P3(X.,X,s), Ps(X-,X;z), and M(X,). 


(b) Nonabsorbing coolant, ~.. = 0 
beeen Gi By) 
,- 27,4 ¥ AF mae 


where: Gi(X;,X 
a Ree + Ko(Xy)1i(X-) 
‘¢ 1\(X;)Ki(X.) — Ki( Xp) 11(X-) 


X; = xR; Ym = xmRm 
X, = 07R Ze. = eR, 
Y; = xX mR ys 





inclusion of a =,,-term other than zero 
introduces a sufficient amount of com- 
plexity to the result to reduce its 
utility seriously. In these cases the 
results are applicable only for non- 
absorbing coolants. Any effect of an 
absorbing jacket has also been disre- 
garded. For these situations it usually 
is less tedious to estimate the effects of 
additional absorption independently by 
perturbation methods, 


Summary 

Expressions for calculating thermal! 
utilization for several cases of cylindri- 
cal geometry are presented in Figs. 2-4. 
Weinberg’s result for cylindrical geome- 
try (without coolant) can be obtained 
directly from part (b) under Fig. 2 by 
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setting R, = R,, thus eliminating the 
lastterm. For gaseous coolants such as 
air, He, or COs, D, > D», unless under 
very high pressure, so that the last term 
of (b) under Fig. 2 is negligibly small. 

Fuel elements of the type to which 
Figs. 3 and 4 apply are more attractive 
than solid fuel rods from the standpoint 
of heat transfer, since higher heat- 
generation rates can be employed for a 
fixed maximum fuel-element tempera- 
ture. Plate-type fuel elements, for 
which Fig. 5 is applicable, also are at- 
tractive from this standpoint. Spheri- 
cal fuel elements are not treated here. 

The notation for the Bessel functions 
involved under Figs. 2-4 is such that 
K,(X) is always positive. Since cool- 
ants and moderators are generally 
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FIG. 4. Internally and externally 
cooled fuel tubes 


(b) Nonabsorbing coolant, >. = 0 


l Ze m | $ m ( y ( 4g ' 
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where: X; = «;R, Ye = xnlti 
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weakly absorbing, the arguments y and 
z occurring in these equations usually 
will be numerically small. Thus, it is 
possible to derive approximate equa- 
tions for Go, F, and the P functions for 
suitably small values of the arguments. 
This significantly simplifies calcula- 
tions. These approximations are sum- 
marized in the table. If the specified 
values of the arguments are not ex- 
ceeded, the error involved generally is 
much less than 2%. 

The function Go(X) has been plotted 
(2) for larger values of X. The func- 
tion G,(X,Y) occurring under Figs. 3 
and 4 is related to the function F(Y,X) 
by the relation 


Gi(X,Y) = 


and the function (F — 1) also has been 
plotted for sufficiently large values of 
the arguments (2). 


Application 

To illustrate how extensively absorb- 
ing and nonabsorbing media in a lattice 
affect f, the equations were used to 
calculate the thermal utilization as. a 
function of coolant-to-fuel ratio as 
shown in Fig. 1. The curves are for 
natural-uranium-graphite lattices with 


sodium coolant. In all cases the mod- 
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FIG. 5. Externally cooled fuel plates 


(a) Absorbing coolant, >.. ~ 0 
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sinh X, The BIG QUESTION, always eee 
: ., coth (Y, — Y,) 
+ Ueto. eC What’s the True Gamma Intensity ? ? a 


(b) Nonabsorbing coolant, =.. = 0 ; f j : 
Gi . ‘ Get the answer anytime — get it accurately — get it easily, Get 





eee ‘ it with the Victoreen Model 592 or 592A ion chamber GAMMA 
. = Sy ares DOSE RATE SURVEY METER — the survey meter that’s light 


weight, yet rugged, with a stable, drift-free circuit and wave 


+ (Ym, — Y.) coth (Y, — Y.)| length independence. 














where: Xy = xsRy Ze = xcRe The many desirable features of this fine instrument are the features 
, 8 a = | engineers and physicists demand in a survey meter. Check them off. 
i# THREE RANGES OF SENSITIVITY: 
MODEL 592 — 0-10, 0-100, 0-1000mr/hour. 
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F(X,Y) ~ 1 i Hermetically sealed ion chamber in model 592 is unaffected by 
: x y y2 : environmental conditions of temperature, humidity or pressure. 
+ — lz —y:™@x+m- ;| 7 Single hi-meg and electrometer tube sealed in the ion chamber. 
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| erator-to-fuel volume ratio is 80 and 


the fuel element volume per unit length 
of lattice cell is equivalent to a 1.5-cm- 
radius rod. For the curve 4(b), for the 
case of split coolant flow, the volume of 
coolant was divided equally between 
internal and external flow over the fuel 
element. For the plane fuel elements 
cooled at both faces, curves 5(a) and 
5(b), the same moderator-fuel ratio and 
fuel volume per lattice cell were used 
with a square lattice cell. Fuel plates 
for this case are about 0.1 in. thick. 

Figure 1 shows that for a given mod- 
erator-fuel ratio and fuel-element vol- 
ume per cell, plate-type fuel elements 
are advantageous over cylindrical ele- 
ments, and internally cooled elements 
are better than externally cooled ele- 
ments. Of course, optimizing with 
respect to critical size also must involve 
fast-fission and resonance-absorption 
calculations, which might alter these 
relative advantages. Optimization for 
the reactor as a whole also must involve 
heat transfer and fuel-element fabrica- 
tion considerations. 
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REACTOR FACTS 


Cheaper sodium can speed com- 
petitive power. A new electrolytic- 
cell process may cut sodium production 
cost to 3¢/lb from the present 11¢. 
Sodium list price now is about 17¢/Ib. 
Entering the pilot-plant stage, the new 
process uses cathode of molten lead for 
fused-salt electrolysis. This yields 
lead-sodium alloy; distillation or a 
second electrolysis produces sodium. 
Amroc, Inec., of N. Y., is handling 
development negotiations. 


Army-AEC sponsor study of homo- 
geneous boiling-water reactor. Bab- 
cock & Wilcox Co. is studying a boiling 
aqueous low-power reactor for Army 
use. This development contract, with 
AEC’s Chicago operations office, is 
part of an evaluation of low-power 
package reactor designs for use at 
remote sites. 


Babcock & Wilcox building core 
fabrication plant. The Babcock & 


| Wileox Co. has started to construct a 
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plant on a 500-acre site near Lynch- 


burg, Va., to manufacture reactor core | 


components, including fuel elements. 
The main structure, a 100,000-ft? one- 
story office, laboratory, and manu- 
facturing building, is expected to be 
finished by year-end. It is believed 
to be the first privately financed major 
plant for this type work. Because it 
is a production facility, it presumably 
will require a construction permit, 
Class 104 license, and a license to 
“‘recelve, possess, use, and transfer”’ 
special nuclear materials (see p. 24). 


First Marcoule plutonium producer to 
generate electricity next year. The 
first French reactor to produce elec- 
tricity should be operating sometime 
next year. A larger unit is expected 
to go critical before 1958. 


Sweden plans two more reactors as 
steps to power. With power demand 
expected to outstrip water power 
within 20-30 years, Sweden is laying 
plans for completing a $5.8-million 
20-Mw reactor by 1959 and a 100-Mw 
power reactor before 1965. The 20- 
Mw unit will be built south of Stock- 
holm; the 100-Mw model will be 
located in the western province of 
Bohuslan. Sweden has about 150,000 
tons of uranium reserves. The coun- 
try’s first reactor, a research unit 
completed last July, cost $3.85-million 
(NU, July, ’54, p. 77). 


Water supply held essential for 
nuclear plant site. To absorb the 
66-75% of a reactor’s heat that is not 
turned into electricity, AEC’s W. 
Kenneth Davis said recently that a 
200-Mw (elec.) nuclear plant would 
need about 200-million gallons of fresh 
water for cooling daily. Even with 
the factor-of-20 reduction possible if 
cooling towers are used, preferred sites 
still will be near rivers, lakes and 


oceans. 


Combustion Engineering begins nu- 
clear expansion with $7,000,000, 
breaks ground for reactor-production 
building. With the intention of be- 
coming equipped to “design and build 
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Young man 
with a Future 
in the 


ATOMIC AGE 


Today, this young engineer is helping us 
solve the complex problems inherent in 
the development of a nuclear aircraft 
engine. 

He is doing engineering that offers 
innumerable opportunities for creative 
thinking. Frequently, he works on prob- 
lems that could lead to early professional 
recognition. 

Tomorrow, because of his early start 
in this still new field, he can look for a 
better-than-average future in the Atomic 
Age. 

Would you like a similar opportunity? 
If so, there are still openings for young 
men with at least a B.S. degree and up 
to 5 years’ experience. 


It’s worth investigating. So write today! 


We are interested in contacting — 
e Engineering Physicists ¢ Metaliurgists 


Aeronautical, Mechanical & Chemical 
Engineers 


Please send your complete resume to 
Mr. P. R. Smith, Office 13, Employment Dept. 


Ow), 
BS / sli 
Vy 


PRATT & WHITNEY 
AIRCRAFT 


Division of United Aircraft Corporation 
East Hartford 8, Connecticut 


complete nuclear power plants up to 
the turbine,’’ Combustion Engineering, 
Inc. has begun construction of new 
reactor manufacturing facilities at its 
Chattanooga plant. Along with heavy- 
duty cranes, large boring machines, 
and other fabrication equipment, the 
plant will be equipped with a 15-Mv 
betatron for inspection purposes. 
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az H. Frankfort went into the 
atomic program early. As a divi- 
sional engineer for du Pont in 43, 
he played an important part con- 
structing X-10, first pile at Oak 
Ridge, and later worked at Han- 
ford. 


= Frankfort (Pratt Insti- 
tute ’36) knows how to make proc- 
esses work. He’s had lots of ex- 
perience: designing and building 
plants for making sulphuric acid, 
resins, food products, titanium to 
mention a few. He’s an engineer 
not content with limiting design 
to what the catalogs offer. Several 
times he’s actually invented new 
equipment—and has patents in his 
name to show for it! 


His work at WALTER KIDDE Nu- 
CLEAR LABORATORIES needs a man 
of specialized abilities. He’s Me- 
chanical Department Head and 
Chief Projects Engineer. It’s his 
responsibility to translate original 
concepts into the pipes, vessels 
and instruments that make a com- 
mercially successful plant. 


R ecently, he’s worked on nuclear 
aircraft propulsion — particularly 
on ground facilities and servicing 
requisites to keep a nuclear-pow- 
ered plane in flying condition. He 
and his associates will gladly talk 
with you about applications of nu- 
clear technology in your industry. 


WALTER KIDDE 
NUCLEAR LABORATORIES, 


INC. 975 Stewart Avenue 
Garden City, Long Island 
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TECHNICAL ADVANCES ___ 


Radiation as 
a Stimulus 


There are creatures that show a motor response to 
radiation; Daphinia magna, Straus is one. These 
water fleas have been observed to swim downward 
when exposed to X-rays. Previously they had shown this characteristic down- 
swimming response to stimuli such as visible light, shift in wavelength of light 
toward shorter wavelength, temperature and pressure changes, high pH, and 
reducing oxidation-reduction potentials. Now researchers Baylor and Smith 
(University of Michigan, Department of Zoology) have demonstrated response 
to 115-kev X-rays with threshold at 160 r/min. Care was taken to insure that 
response was not due to an artifact (e.g., fluorescence in glass walls of the 
tank), but not all possibilities have been eliminated. Tentative indication is 
that response mechanism is radiation-induced reduction, to which fleas re- 
spond. Historical note: in 1909 Helmholtz reported response to X-rays by 
the human eye. Mechanism there is probably visual detection of induced 
fluorescence in the eye itself. 


Short-Period 
Delayed Neutrons 


A new group of delayed neutrons having a mean 
life of 216 + 60 msec has been observed to follow 
the fission of U**®. They represent 2.7 + 0.7% of 
the delayed neutrons. The mean life is too short and the percentage of 
neutrons involved is too small for this new short period to affect reactor design, 
but the result is interesting theoretically. The experimental technique is 
noteworthy—a near-critical assembly was used to increase the neutron yield. 

The existence of short-period delayed neutrons had been indicated in earlier 
experiments, but without certainty. In the present successful measurement, 
Bendt and Scott of Los Alamos irradiated a uranium sphere highly enriched in 
U2%> with l-usec pulses of 11-Mev X-rays from a betatron. The resultant 
(photo-) fission neutrons were multiplied by a neutron chain reaction to 100 
times the original number. Among the products of these neutron-induced 
fissions are the precursors of subsequent delayed neutrons. When these 
neutrons are finally emitted they also are multiplied by the U*** assembly, 
giving a net yield 20,000 times that expected in a nonmultiplying geometry. 
The neutrons are moderated and detected by BF; counters and the time of 
occurrence of the counts analyzed electronically. 

A heavy nucleus with ~216-msec beta-decay half-life would probably have 
enough excitation energy to be unstable against prompt neutron emission. 
Therefore it has been hypothesized that the neutrons are emitted by Be® 
following on the 242-msec beta decay of Li® produced in ternary fission. 


New 100-Channel New multichannel pulse-height analyzers discussed 
Pulse-Height Analyzers at last month’s convention of the Institute of 

Radio Engineers reveal a trend toward computer- 
like nuclear electronics. Discussed were modifications to the British Hutchi- 
son-Secarrot pulse-height analyzer (NU, Oct. ’54, p. 14). This instrument 
measures a pulse’s height in terms of the time required for a linear sawtooth 
voltage wave to become equal to the stretched pulse. The pulse is then 
recorded by adding one count to the appropriate time channel in a pulse 
pattern that circulates continuously through a delay line. The spectrum is 
displayed on a cathode-ray-tube face. The large number of channels makes 
the complex circuitry worthwhile on a tubes-per-channel basis. 

One Los Alamos group (McKibben, et. al.) reported the use of a hexi- 
binary code for the count in each channel; each digit of an ordinary decimal 
number is coded separately to aid in readout and automatic printout. They 
use a quartz delay line and a 2.25-Mc basic pulse frequency to get 100 channels, 
99,999 counts per channel, 3-minute printout. Other Los Alamos workers 
(Byington and Johnstone) are using computer-type magnetic memories in an 
analyzer that has 1-volt channels accurate to 0.2%, adjustable lowest channel, 
and meter indication of the fraction of input pulses lost because of the ana- 
lyzer’s 15-usec resolving time. 

Temmer of Oak Ridge reported on plans for a 120-channel analyzer with 
improved provisions for coincidence counting and brightening of every tenth 
channel in the scope display for easier visual readout. 
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ess MALLORY 1000 METAL 


does more radioactive shielding 





INCHES OF 
aiuea MATERIAL REQUIRED | ! ; 
TO REDUCE ow small are you trying to make radi- 


GAMMA RADIATION ation shields? Mallory 1000 Metal can help 
BY FACTOR OF 10 : o 
you design them more compact than ever 
..- because this unusual metal has superior 
absorption characteristics over most of the 
radiation spectrum. 


N 


&» 2 wWOaNDOD 


Look at the test curves shown here. In the 
most commonly used energy levels, Mallory 
1000 is 40% more effective than lead. And 
even at 100 MEV, it rates 20% higher 


NARROW | BEAM ATION in efficiency. 


INCHES OF MATERIAL 


A high density, homogeneous alloy of tung- 
sten, nickel and copper developed by Mallory 
metallurgical research, Mallory 1000 is 
ideally suited to a variety of shielding appli- 
cations. Laboratory investigation proves it 
superior for shielding cyclotron and 
synchrotron radiation, for storage of radio- 
active isotopes, and for “on-off” switching 
of energy from isotope sources. It is strong, 


Also useful for: readily machined, weather-resistant. 


5 6.78910 > 3. 4 5. 6.786.9.10. 20. 30. 40. 50.60.70.8090.100 


ENERGY (MEV) 


Smaller counterweights... The high standards of quality control under 
Density of Mallory 1000, which Mallory 1000 is produced assure you 
16.96 grams/cc, com- of uniformity of physical properties. You 


presses a lot of mass into : . . 
small veliana. can design for specified rather than “typical” 


“\ characteristics. 
\\" 


’ > 
Vie 


YS A newly published edition of our Tech- 
a nical Bulletin gives data on the 
performance of Mallory 1000 with 
‘ é commonly used isotopes . . . lists gamma 
High density amt free- ray energy levels, absorption coefficient 


lom fi jecti 1 . 
drift eke Motions 1000 of Mallory 1000, and thickness of 


G (o/ ideal for efficient, com- Mallory 1000 required to reduce incident 
oS) pact rotors. energy to 1/2 and 1/10 of its original 


“«~&) -}, level. Write today for your copy. 


Stable rotors ... 


In Canada made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry Street, Toronto 15, Ontario. 


Serving Industry with These Products: 
Electromechanical—Resistors « Switches ¢ Television Tuners ¢ Vibrators 
Electrochemical—Capacitors @ Rectifiers «© Mercury Batteries 
Metallurgical— Contacts © Special Metals and Ceramics © Welding Materials 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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handling LETTERS _ 


Beta-Ray-Excited X-Rays v 


/ DEaR SIR: 
| The excellent article by Reiffel on 
| Beta-Ray-Excited Low-Energy 


| X-ray Sources” (NU, March ’55, p. 22) 
brings to mind other work in this area. 
The basic physics underlying the beta- 
| source principle has been discussed in 
‘numerous articles, the most recent 
| being the report by Liden and Starfelt.* 








































Send for this 
aa -T-ME Lele) an > ae) (ellillat>, 


The principle has been known since 
1912, when Grayf and Chadwicktf re- 


ported on the radiation produced in 
different target materials by beta rays. 

} a Based on the studies of Leboeuf and ! 
Ys 2M Stark on the characteristic X-radi- 


ation and bremsstrahlung produced by 
Sr%-Y*% betas in different target mate- 


els your rials, the Army Medical Research Labo- 


ratory at Fort Knox, Kentucky, has 

ols « weialiy availahiae Sst 

Tel elelaei cela, used a commercially available Sr 
medical applicator§ as a radiographic 





source for clinical** as well as techni- 
calff radiography. 


The radiographic possibilities using 


this principle are extremely promising ‘ 
since isotopes with favorable beta 
energies, suitable half-lives, and high 
specific activity are now available. ( 


The present studies at the Laboratory 
involve Pm'*’. Perhaps the best low- 
energy X-ray source for radiographic 
purposes will be Eu!®®, which will allow 
utilization of its low-energy gammas in 
addition to the characteristic X-radi- 
ation and bremsstrahlung produced by 
its weak betas when used in properly 
_selected encapsulating material. 
J. G. Kereiakes and A. T. Krees 
Radiobiology Department 


; U.S. Army Medical Research Laboratory 
The C-B-R System—Chemical, Biological, Radiological Fort Knox, Kentucky 
—is Kewaunee’s latest contribution to safety, convenience, 
efficiency and economy in the laboratory handling haz- 
ardous materials. 

Based on the watchwords “concentrate-confine’’, it 
provides vital protection to technicians and other labora- 
tory personnel, whether the materials handled are in the 
field of isotopes, explosives, solvents or toxic materials. 
It provides remarkable flexibility and operating economy. 
It assures outstanding efficiency and convenience. 

And it’s all explained in the new free book “The CBR 
System by Kewaunee.” So if your laboratory is handling 
hazardous materials of any kind, we invite you to send 
for this book today. it’s yours for the asking—and there's 
no (eee 





CO, for Radiocarbon Dating 


In his article, ‘‘ Radiocarbon Dating”’ 

|(NU, Jan. 55, p. 18), G. J. Fergusson 

states (p. 21): ‘The results in our 
*K. Liden, N. Starfelt, Phys. Rev. 97, 

419 (1955). f 
+ J. G. Gray, Proc. Roy. Soc. (London) 


A86, 513 (1912). 
t J. Chadwick, Phil. Mag. 24, 594 (1912), 


4] M. G. Leboeuf, B. T. Stark, HW-31961 » 
Cd. (1954). 
§ Tracerlab Catalog D, p. 92 (1954). 
Aewnrunec A. Campbell, M; ** J. Kereiakes, A. Krebs, AMRL Re- 4 


port No. 173, (1954). 
5083 S. Center Street + Adrian, Michigan tt J. Kereiakes, A. Krebs, AMRL Report 


Representatives in Principal Cities "Single Unit" for remote control No. 180 (1955). 
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laboratory show that previous diffi-| 
culties with CO, were due to electro- 


negative impurities and not to the COz2| 


itself.”’ | 

Our first publication in 1952* con-| 
tained the same statement and a sec- 
ond in 1953T described in detail the 
effect of electronegative impurities in 
CO». 

According to the references given by 
Fergusson in the same column, this was 
even before he considered the use of 
CO». Moreover, I mention our work 
here especially since it was shortly re- 
ferred to by Fergusson a few lines lower 
in the same column, which might sug- 
gest that the difficulties we described 
and solved were in some way different 
from those described in the article in 
NUCLEONICS. 

—HL. DE VRIES 

Natuurkundig Laboratorium der 
Rijks-Universiteit 

Westersingel 34 

Groningen, Netherlands 


| 





AUTHOR'S REPLY: Prof. Hl. de Vries 
has pointed out that the wording on 
p. 21 of my article could give the im- 
pression that the CO, used in his radio- 
carbon dating system was not free of | 
electronegative impurities. This, un- | 
fortunately, came about through con- | | 
densation of part of the original text | 
and later escaped notice. That this | 
impression was not intended can be | 
seen from the other reference to Prof. | 
de Vries’ work (p. 19), which states 
that the basic purification process we 
employed was the time treatment that 
he originated. 

However, owing to a larger counter 
and pulse-amplitude analysis to obtain 
increased accuracy of measurement, 
the purity requirements of the CO, for 
our counter is approximately 20 times 
greater than in Prof. de Vries’ case. 
We have shown that it is possible with 
the methods given to satisfy this in- 
creased purity requirement and to use 
up to 24 liters of CO, as the counter 
filling. This further development of 
the use of CO» has allowed an increase, 
from 8 to 750, in the value of s?/8 ob- 
tainable, with consequent extension of 
the range and accuracy of radiocarbon 





dating. 
—G. J. FERGussSON 
Dominion Physical Laboratory 


Lower Hutt, New Zealand | , 


* Hl. de Vries and G. W. Barendsen, 
Physica 18, 652 (1952). 

+ Hl. de Vries and G. W. Barendsen, 
Physica 19, 987 (1953). 
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"NEW! 


Three New 
AC Servo 


Types 


Available. tie 


STANDARDIZED 
SERVO SYSTEMS 
AND OTHER 
STANDARD TYPES 
FOR AUTOMATIC 
CONTROL — 

In addition to new 
lines illustrated, 
many standard and 


h 
nlc anoles are are 


pore cations involig 


CUSTOM aaa 
FOR SPECIAL 
REQUIREMENTS 


— we design 
and engineer 
complete servo 
or automatic 
control systems 


AFFILIATE OF 
THE GENERAL 
CERAMICS 
CORPORATION 


NS VOUS ~ 


one 


_ INPUT NO. 1 


© MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 


Supply: 115 volt 400 eps. 
Power output: pg 10, He wate 


pecs ihr 10, 15, 20 watts 
Sensitivity: .1 volt AC 


Response Time: .008 to .1 sec. 
— 7 
For further i peowen Fors SOE 


@ TRANSI-MAG*: TRANSISTOR + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 or 60 cps. 
Power output: 2, 5, 10, 15, 20 watts 
Sensitivity: .08 volt AC into 10,000 ohms 
Response Time: .01 sec. 








Patents 





Radioactivity Logging of Boreholes 


Two oil companies have obtained 
patents on logging boreholes by radio- 
activity measurements. 





To amplifiers 


CG) ™ and recorder 





- Preamplifier 








_- Electric motor 
, _-~Detector (position a) 


_—-Instrument shell 


- Detector (position b) 


_ Detector (position c) 


_— Lead shields 


——Neutron source 











FG. 1. In operation, well-logging instru- 
ment is lowered to borehole bottom with 
scintillometer-type detector in position a. 
Instrument is then pulled up definite dis- 
tance while natural y-radiation is recorded. 
Detector is then lowered to position b and 
instrument lowered to borehole bottom 
while detector measures scattered and in- 
duced y-rays. With detector in position c, 
instrument is raised over same distance as 
before while induced ‘y-rays only are 
measured 


In U. 8. 2,692,755, by Theodore J. 
Nowak (assigned to the Union Oil Co.), 
the logging method described can be 
carried out without stopping the drill- 
ing operation. Two G-M counters 
measure the natural radioactivities of 
the drilling fluid entering and leaving 
the borehole. The natural radioactiv- 
ity of the drill cuttings separated from 
the fluid are measured; then, after 
neutron irradiation, the induced radio- 
activity of the cuttings is measured. 
These values are recorded as a function 
of hole depth. 

The well-logging instrument de- 
scribed in U,. 8. 2,692,949 (see Fig. 1) 
by John D. MacKnight (assigned to 
The Texas Co.) determines natural and 
scattered y-radiation, and neutron- 
induced radiation. 


Gamma-Ray Detector 


With the y-ray detector invented by 
Charles F. Teichmann (U. 8S. 2,694,152, 
assigned to Texaco Development 
Corp.), the high y-ray-detection effi- 
ciency of phosphors is combined with 
the simple circuitry of the G-M coun- 
ter. The G-M-type tube contains a 
central anode surrounded by a wire- 
mesh cathode; the housing, e.g., Corn- 
ing 9741 glass, is transparent to light 
photons emitted by the phosphor. 
The phosphor can be coated on the 
tube housing or arranged for the de- 
sired geometry. 
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Neutron source ; . 
\ 
Phosphor 
screen 





correction plate 


Television 
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Spherical 
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Kinescope receiver 








NEUTRON FLUOROSCOPY, by the untried technique described in U. S. 2,690,516 (issued 
to Edward E. Sheldon), might be applied to light hydrogenous materials, e.g., plastics, 
that are not amenable to X-ray examination. Neutrons transmitted by the object under 
examination cause light emission from phosphor screen containing neutron-sensitive ele- 
ment, e.g., boron or cadmium; optical system, such as that shown, intensifies image, which is 
transmitted by television pickup to remote receiver 
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Discharge- sensitive 
fe medium 


— >Electrodes 


“lonizing medium 











FIG. 2. Low-voltage radiation counter 


Radiation Detector 

By utilizing a discharge responsive 
medium (e.g., photographic film, 
luninescent screen, color-changing indi- 
eator, or thin aluminum plate) not 
directly responsive to radiation and an 
ionizable medium, the radiation coun- 
ter described in U. 8. 2,692,948 (issued 
to Kurt 8. Lion) operates on low volt- 
ages (see Fig. 2). The voltage source 
is adjusted to a potential insufficient 
to cause a discharge by itself, but suffi- 
cient to do so when the radiation energy 
is absorbed by the ionizable medium. 
The radiation may be light, X-rays, 
atomic or nuclear radiation, sound, or 
ultrasonic radiation. 

* *” * 


These descriptions are based on abstracts 
furnished by Melvin Nord, Registered Pro- 
fessional Engineer and Patent Attorney, 
Detroit, Mich. 


Government-Owned Patents* 


Pulse Analyzer (2,694,146), E. Fair- 
stein—Deadtimes down to 1 usec are 
provided by differential-integral pulse- 
height analyzer responding to various 
forms of driving pulses wherein pulse 
shape is not critical, impedance trans- 
former for coupling integrating and 
pulse-shaping circuits, and anticoinci- 
dent circuit where driving-pulse height 
is independent of tube aging. 
Magnetic Time-of-Flight Mass Spec- 
trometer (2,698,905), S. A. Goudsmit 
—Since ion released in homogeneous 
field describes helical path and, ir- 
respective of velocity and direction of 
release, its angular velocity is constant, 
spectrometer permits measuring ion 
mass with increasing accuracy as mass 
increases. 





* For nonexclusive, royalty-free licenses 
on these patents, apply by number and title 
to the Chief, Patent Branch, Office of the 
General Counsel, U. S. Atomic Energy 
Commission, Washington 25, D. C. 
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in design concept...in dependability 


Weston I3OI line 


panel instruments 
with 


Cormag® self-shielded mechanism 


The 1301 line (3%”) furnishes panel instrument 

users with the added dependability, the mounting 

facility, and the new economy which CORMAG 

self-shielded construction provides. These instru- 

Weston CORMAG® ments can be mounted on magnetic or nonmagnetic 
Mechanism shown in panels interchangeably, and there is no magnetic 
combination cutaway and phantom) intereffect of instruments on one another when 

A compact, lightweight permanent mounted in close proximity. For complete informa- 
magnet moving-coil mechanism, tion, see your local WESTON representative or 
self-shielded from the effects of write... WESTON Electrical Instrument Corpora- 
external magnetic fields. tion, 614 Frelinghuysen Avenue, Newark 5, N. J. 


WESTON instruments 
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ci? Prepared by: M. L. Poot; Pro- 
< s fessor, and D. N. Kunobu, Assist- 
¢ 030U).3m) ant Professor, Department of 
72.5 (600) Physics and Astronomy, The Ohio 





State University. 











@ Latest data available up to January 6, 1955, 
are included on the following: 


@ Natural abundance, mass value, magnetic 
moment, spin, parity, electrical quadrupole mo- 
ment, slow neutron absorption or activation cross 
section, classification of radioactive nucleus, 
half-life, mode of disintegration, most prominent 
beta energy, maximum and minimum energy beta 
groups, most prominent gamma energy, maximum 
and minimum energy gamma rays, alpha energy 
groups, double and triple isomers, energy of 
isomeric transition, electron capture, fission cross 
section, and other items. 


@ Atomic numbers, mass numbers, magic num- 
bers, element symbols, and the stability or radio- 
activity of nuclides are also indicated. A stable 





nucleus is represented by a green rectangle and 
a radioactive nucleus by a red oval. 


@ Valuable for reference in schools, laboratories 
and organizations where atomic nuclei and radia- 


tions from radioactive materials are studied and 
used. 


PRICE $12.50 (Postpaid) 
Published by 
LONG’S COLLEGE BOOK 


COMPANY 
COLUMBUS 1, OHIO 








AUTOMATIC 
PYROMETER 


SIMPLYTROL 





Cat. No. 4531 0/2500° F. 
Price $132.00 


Thermocouple type Automatic Pyrometer for 
controlling temperature in furnaces, ovens, 
and processes. The Simplytrol is economical 
and reliable with few moving parts. There 
are no vacuum tubes. The regular load relay 
is $.P.0.T. 5 Amps. Optional heavy duty 
relays to 40 Amps. 


10 temperature ranges cover from —75° to 
3000° F. Several special ranges to —400° F. 
“On & Off’ control for holding the desired 
temperature works on gas, oil or electric 
heat. Indicating meter-relay is medium high 
resistance and has bimetal cold junction com- 
pensation. For use with all standard thermo- 
couples. Accuracy 2%. 


“‘Auto-Limit’’ switch changes Simplytrol from 
automatic controller to limit pyrometer for 
safety shut down or warning. Cabinet: 6'2x 
6%x9' inches. Also flush panel mount models. 
Send for new Bulletin G-7 for more data. 
Assembly Preducts. Inc., Chesterland 28, Ohio 
See us at IRE Conf., Westward Ho, Phoenix, 4/28, 29 














FILM BADGE SERVICE 
IN ACTION 





RADIATION DETECTION CO. 


576 COLLEGE AVE. 
PALO ALTO, CALIFORNIA 


FURNISHED THIS FILM FOR THE HEALTH PROTECTION OF 
500-1 
— 


4o_ 





NAME FILM No. 





ro_____. 1e___, 


ESTIMATED NUMBER 
OF HC URS WOR 


H-RAY. 





co*®° on madi ____. 











1 The above data card is filled out by our 

* customers and returned to us along with 
the exposed film in self-addressed mailing 
envelopes. 


2 We develop the film and, interpret the 

radiation exposure. The developed film is- 
attached to the data card, providing a per- 
manent record. 


3 For your record we send you a typed 
* report, containing all the data, within 24— 
48 hours after receipt of the film. 


4, Air 


door. 


mail brings our laboratory to your 
WE ALSO OFFER 
® NEUTRON FILM BADGES 


® FINGER TABS for measuring exposures to 
the hands 


© FILM BADGE STORAGE RACKS 
® SPECIAL DOSIMETRY SERVICE PLANS 


Write for details 





COMPANY °2°.°° 


ia) _ 
73 Our Product 











NEWSMAKERS 


Lawrence R. Hafstad, director of the 


| atomic energy division of Chase Na- 


tional Bank, New York, has been repre- 
senting the Fund for Peaceful Atomic 
Development (NU, Jan. ’55, p.77), ona 
seven-nation trip. Primary purpose 


| of his trip was to learn what types of 


information are urgently needed for 
peaceful atomic projects in India, 
Turkey, Italy, Switzerland, France, 
Belgium and Great Britain. 


Frederic de Hoffman, one-time deputy 
assistant director for weapons devel- 
opment at Los Alamos Scientific 
Laboratory, has left the laboratory. 
On April 15, he becomes a vice presi- 
dent of Convair Division of General 
Dynamics Corp. He will be in charge 


| of nuclear planning, development, and 


research. 


C. J. Bakker has been offered the posi- 
tion of director-general of the European 
Organization for Nuclear Research 
(CERN), Geneva, Switzerland. He 
is managing director of the institute 
for nuclear research at Amsterdam 
University in the Netherlands. If he 
accepts the new position, he will suc- 
ceed Felix Bloch. 


J. L. Meem, Jr., formerly of Oak Ridge 
National Laboratory, has been named 
chief reactor scientist of American 
Locomotive Co.’s atomic energy engi- 
neering department. He will be in 
charge of experimental and theoretical 
phases of the Army Package Power 
Reactor project. Other new members 
of the ALCO staff include Robert D. 
Robertson, engineer, and 
Harold Hoover, process design engineer. 


materials 


Cecil B. Ellis is director of a new nuclear 
engineering department at Patterson, 
Moos division of Universal Winding 
Co., Jamaica, N. Y. Formerly, he 
headed his own consulting firm, Atomic 
Power and Chemicals Corp. 


Niels Bohr now heads a Danish govern- 
ment commission to develop atomic 
energy for peaceful use. 


Don L. Collins has joined Landsverk 
Electrometer Co., Glendale, Calif., as 
vice president. Since 1946, he has 
been technical director of Victoreen 
Instrument Co. 


W. K. MacCready, having completed 


a special study for General Electric, 
has been named manager of the reactor 
section of the company’s manufactur- 
ing department at Hanford. 
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Scale Model of AMF’s Unitized Research Reactor (pool and rear shielding cut away) 
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Introducing AMF’s Unitized Research Reactor 


A complete unit “ready-made” for universities, 
research institutes and industry 


The unique Unitized Design Concept im- 
parts to AMF Research Reactors extreme 
flexibility of use, low maintenance cost, 
minimum expense due to obsolescence and 
maximum safety. In addition, this highly 
efficient Facility is as ideally suited for 
training as for research. 


A Unitized Research Reactor is now 
being built by AMF for Battelle Memorial 
Institute of Columbus, Ohio. This historic 
event portends a long step forward in 
nuclear research. Here is a major contri- 
bution to “Atoms For Peace,” a force for 
the betterment of all mankind. 


AMF ATOMICS, Inc. 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
AMF Building * 261 Madison Avenue, New York 16, N. Y. 


Core and shielding in this AMF Research Reactor are similar to designs developed in AEC iaboratories. 
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BOOKS 





Biological Effects of External 
Radiation (National Nuclear 
Energy Series VI-2) 


Edited by HENRY A. BLAIR (McGraw-Hill Book 
Co., Inc., New York, 1954, xvii + 508 pages, 
$7.00). Reviewed by Cornetivus‘A. Tosias, 
Division of Medical Physics, University of 
California, Berkeley, Calif. 

The studies reported in this volume 
represent the major part of the work 
done at the University of Rochester 
during the war period on the biological 
effects of X-radiation, together with a 
collaborative study of the chronic effects 
of neutron irradiation with the Bio- 
chemical Foundation in Newark, 
Delaware. 

As in several other volumes of the 
National Nuclear Energy Series, the 
book consists of individual chapters 
based on research reports completed 
during the war years. 

The original task of the investigators 
was to accumulate data of significance 
with regard to the manifold and com- 
plex biological effects produced by 
radiations in large organisms, and to 
derive generalizations from the data 
that might lead to a knowledge of the 
mechanisms by which radiations exert 


’ their effects. The book attests to the 


importance of several major contribu- 
tions presented, and in reading it one 
is continually astonished at the wealth 


' of material that was obtained in a rela- 





tively short time interval, using diffi- 
cult and time-consuming techniques, 
which would normally take much 
longer to obtain. 

The book is divided into three parts, 
covering acute effects of X-rays, chronic 
effects of X-rays and chronic effects of 
neutrons. 

In each of these sections, experi- 
ments are described concerning the 
lethal effects of the radiations, patho- 
logical changes in the sequence of in- 
jury and repair, particularly as they 
relate to the lethality, and changes in 
the peripheral blood. The data show 
not only interesting and fundamental 
relationships (e.g., in mortality rate vs 
dose) but they also present comparisons 
between several species of animals (rat, 
hamster, guinea pig, rabbit, dog, mon- 
key). These relationships disclose 
some similarities in radiation response 
and at the same time point to the great 
difficulties encountered when data ob- 
tained from animal irradiations are 
used to predict radiation sensitivity in 
man. Ina separate chapter, parallel- 


84 


ism is drawn between biological effects 
of X-rays and of callicrein. 

Two chapters deal with the loss of 
finger-ridge detail-in monkeys and man 
following exposure to radiation, an 
interesting and readily accessible index 
of the severity of radiation effect. 

A search was made for a specific in- 
direct radiation effect in animals, re- 
sulting in changes at sites remote from 
the site of irradiation; for this purpose, 
cross circulation was established be- 
tween irradiated and normal animals. 

The genetic effects of low doses of 
single and repeated doses of X-rays is 
reported in drosophila. This study, 
which will remain a classic for some 
time for its painstaking accuracy and 
clarity of results, has demonstrated 
that lethal mutations are produced 
even at very low doses, and that the 
mutations produced by repeated small 
doses of radiation are equivalent to 
those obtained from a single dose. 

The twenty-two authors have added 
an important reference volume to the 
rapidly growing radiological literature. 


Modern Physics for the Engineer 


Edited by LOUIS N. RIDENOUR (McGraw-Hill 
Book Co., Inc., New York, 1954, xix + 499 
pages, $7.50). Reviewed by Harry Soo- 
DAK, Physics Department, The City College 
of New York, New York, N. Y. 

This book is a collection of lectures 
given in an extension course of the 
same title at the University of Cali- 
fornia, Los Angeles, during the aca- 
demic year 1952-1953. The aim of 
the course is expressed in a foreword 
by Profs. Woods, Boelter, and O’Brien 
of the engineering faculty: ‘“‘The time 
lag between scientific discovery and 
engineering application has in recent 
years been drastically shortened, so 
that it is more than ever necessary for 
the engineer to be aware of the signifi- 
cant developments in the fields of the 
physical sciences.”” A similar theme 
as related to standard engineering 
courses and practices is developed in an 
introduction by Royal Weller. 

The book is divided into three parts 
called 1. The Laws of Nature, 2. Man’s 
Physical Environment, and 3. Informa- 
tion and its Communication. 

The first part, of most interest to 
those in the nuclear field, contains the 
chapters: Relativity and the Foundations 
of Mechanics, by H. P. Robertson; 





Atomic Structure, L. I. Schiff; Physics 
of the Solid State, Frederick Seitz; 
Magnetism, Charles Kittel; Microwave 
Spectroscopy, W. D. Hershberger; Nu- 
clear Structure and Transmutation, 
W. A. Fowler; Electronuclear Machines, 
R. V. Langmuir; The Actinide Elements 
and Nuclear Power, Glenn T. Seaborg; 
and Elementary Particles, W. K. H. 
Panofsky. 

In the main, the chapters of Parts 1 
and 3 are in the nature of technical 
introductions; and those of Part 2 are 
in the nature of technical review ar- 
ticles. References, both to journals 
and texts, are listed in the majority 
of chapters. 

The material is presented with an 
authority that reflects the expertness 
of the authors as well as the power and 
scope of physics. Although the writing 
is generally clear and direct, the tech- 
nical level and the density of informa- 
tion are very often such as to give the 
reader a difficult time unless he has 
more than a nodding acquaintance 
with either the basic theory or the 
application of the material discussed. 
In some cases, however, the material 
is so artfully presented that the “‘feel’’ 
of the subject emerges clearly and 
almost independently from the tightly 
packed technical level. 

Thanks are due the McGraw-Hill 
Book Company, Ince. for publishing 
this book, which makes rewarding 
reading for the technical man inter- 
ested in physics. 


Annual Review of Nuclear 
Science, Vol. 4 


JAMES G. BECKERLEY, Editor (Annual Reviews, 
Inc., Stanford, 1954, ix + 483 pages, $7.00). 
Reviewed by L. D. MARINELLI, Argonne 
National Laboratory, Lemont, III. 


The fourth volume of the “ Annual 
Review of Nuclear Science”’ consists of 
seventeen chapters ranging from accel- 
erator design to applications of radio- 
activity in geology and cosmology. 

The first articie, entitled Recent 
Developments in Proton Synchrotrons, by 
J. P. Blewett, begins with a review of 
the early operational periods of the 
Bev installations at Brookhaven, 
Berkeley and Birmingham. After an 
instructive treatment of the alter- 
nating-gradient focusing principle, the 
author summarizes the latest conclu- 
sions reached on the subject by the 
various design groups, both here and 
abroad, and supplies a bibliography of 
fourteen papers. 
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Theories of Photonuclear Reactions is 
the subject of the next chapter by 
J. S. Levinger. Following a brief re- 
view of experimental results on the 
photonuclear effect of moderately ener- 
getic photons on medium to heavy 
nuclei, the author summarizes basic 
theory and compares it critically to 
experience with deuterons and other 
light nuclei. There follows an excel- 
lent discussion of the various nuclear 
models that have been proposed for 
the absorption of medium-energy pho- 
tons in medium and heavy nuclei and 
a section on products of photonuclear 
reactions and the high-energy nuclear 
photo effect. The bibliography con- 
sists of 63 items. 

G. E. Pake, in an exemplary article 
of fifteen pages, outlines the progress 
that was made in 1953 in the fields of 
atomic and molecular-beam radiofre- 
quency spectroscopy, nuclear induc- 
tion, nuclear magnetic reasonance and 
microwave spectroscopy as it concerns 
nuclear properties. The bibliography 
is 86 papers. 

In Standardization of Radioactive 
Sources, G. G. Manov discusses in the 
first half the advances in techniques 
of radioactivity measurements as they 
reflect the determination of half-life, 
disintegration rate and decay schemes. 
The remainder consists of an objective 
and critical survey of available and 
desirable radionuclide standards with 
proper attention paid to methods of 
preparation and to nuclear information 
available. 

In Fission Radiochemistry (Low- 
Energy Fission), L. E. Glendenin and 
E. P. Steinberg, in less than ten pages, 
have succeeded in synthesizing the 
existing summaries on the subject be- 
fore 1949 and in reviewing critically 
later studies of fragment mass and 
charge distribution (including closed- 
shell effects) arising from spontaneous 
and neutron-induced fission. A short 
section on angular distribution of frag- 
ments, following high-energy (photon 
and particle) fission, and a summary, 
close this valuable, but cramped, 
chapter. 

A very lucid article by M. G. Inghram 
on Stable Isotope Dilution as an Analyti- 
cal Tool discusses dilution techniques 
as applied to mass spectrometric analy- 
sis of trace elements in the ppm and 
ppb range, holding in continuous per- 
spective its advantages and limitations. 

Three articles by R. E. Bell, R. K. 
Swank and J. Marshall cover with dis- 
tinction the subject of Nuclear Particle 
Detection by Scintillators. They deal 
respectively with Fast Electronics, 
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Characteristics of Scintillators and 
Cerenkov Counters. A generous bibli- 
ography is appended after each chapter. 

The subject of Alpha Radioactivity 
forms the substance of an excellent 
article by I. Perlman and F. Asaro. 
These authors confine their review to 
systematics arising from regularities 
in alpha decay energy, regularities of | 
decay lifetimes and theoretical attempts 
to explain in spectroscopic terms the 
complex spectra of even-even and odd 
nuclei. Two useful tables on alpha 
energies and alpha ray standards are | 
included. It is hoped that the experi-| 
mental advances in detection, energy 
measurement, and alpha isotope produc- 
tion—omitted from this chapter—will | 
be dealt with in a not-too-distant | 
future. 

The eleventh article, Positronium, is | 
due to 8S. DeBenedetti and H. C. Cor- 
ben. By a skillful alternation of con- 
cise theoretical discussions and critical 
appraisal of experimental data, the | 
authors portray to the reader the prop- | 
erties of this most unique atom and its | 
potentialities as a tool in the study of | 
chemical reactions. 

The longest article of this volume is | 
a review of the 1954 Rochester Con- | 
ference on High-Energy Physics, delv- | 
ing into The Interactions between r- | 
Mesons and Nucleons. Its authors, 
M. Gell-Mann and K. M. Watson, | 
examine closely the experimental evi- 
dence obtained at so-called ‘“‘low ener- 
gies”’ as it pertains to scattering and | 
photoproduction, and conclude that it | 
is consistent with the physical concepts | 
of finite range of interaction, charge | 
independence and the hypothesis of | 
resonance. Further on, they treat | 
meson production in nucleon-nucleon | 
collisions and meson theory. It is_ 
strictly a specialist’s article, inherently 
inaccessible to the reader lacking the 
proper theoretical training. 

In a most readible article, C. Dil- 
worth, G. P. 8. Occhialini and L. | 
Scarsi review in exemplary form the 
subject of Heavy Mesons by gathering 
diligently and by examining closely the 
evidence, up to July 1954, on the exist- 
ence of a meson of mass intermediate 
between that of the w-meson and the 
proton. 

The subject of Penetration of Heavy 
Charged Particles in Matter is discussed 
in eminent fashion by E. A. Uehling. | 
After a clarification of the applicability 
of the various theoretical formulae to 
experimental situations, this author | 
discusses in some detail the subject of | 
mean excitation potentials, the polar- | 
ization effect, the distribution in energy | 








| Richardson. 
| plications, was published in 1946 when secrecy re- 


| book 


| use of isotopes in pure research. Illustrated. 


PHILOSOPHICAL 
LIBRARY BOOKS 


[] THE ELEMENTS OF CHROMATOGRAPHY 
by T. I. Williams. Although less than a decade 
has passed since the appearance of An Introduction 
to Chromatography, so much new work has been 
published that a completely new book, rather than 
a revised edition of the old one, seemed called for. 
In particular, paper partition chromatography has 
developed enormously since 1946, and ion-exchange 
chromatography, which proved so _ spectacularly 
successful in Manhattan Project, had then scarcely 
been described at all. Both these methods have 
received due attention here. $4.75 


[] GLASS REINFORCED PLASTICS edited by 
Philip Morgan. Glass reinforced plastics is a many- 
sided subject, and a proper study of it involves 
organic chemistry, design, moulding processes and 
the major applications. Each of these branches 
might, in itself, fill a small book, and the present 





| volume is therefore an attempt to gather together 


the essential facts for the general reader, yet ex- 
plained in sufficient detail for the specialist. $10.00 


[] THE GYROSCOPE APPLIED py K. J. T. 
A book, The Gyroscope and Its Ap- 


strictions prevented reference 
achievements and possibilitics. Since then consider- 
able technical advances have been made and the 
secrecy restrictions have been relaxed to some ex- 
tent, although they still apply in many instances. 
The present book therefore, based on that published 
in 1946, has been almost entirely rewritten de- 
scribing much that is new but at the same time 
incorporating most of the information given in the 
first version, although this is presented in a different 
manner and in some cases from a different view- 

$15.00 


to many interesting 


point. 


[_] ELECTRONS, ATOMS, METALS AND ALLOYS 
by William Hume-Rothery. An _ introduction to 
atomic theory with special reference to metals and 
alloys. The subject matter is presented in the form 
of a dialogue between an Older Metallurgist and a 
Younger Scientist, bringing out clearly the contrast 
between the old and new viewpoints. Revised edi- 
tion. The author is Lecturer in Metallurgical 
Chemistry, University of Oxford. 171 illustrations. 

$10.00 


| O NUCLEAR PHYSICS by Werner Heisenbers. 
| Deals, among other things, with Bohr’s theory, the 


Periodic system and the extra-nuclear structure of 
atoms. The main subject of the book includes 
radioactivity, the binding energy of nuclei, nuclear 
Structure, artificially induced nuclear transmutations 
and with the methods of observation and of produc- 
ing nuclear transmutations. The work concludes 
with some account of the practical applications of 
nuclear physics. With 18 halftone illustrations and 
32 line illustrations. $4.7. 


L] FATIGUE OF METALS by R. Cazaud. Dr. 
Cazaud is well known and highly esteemed in re- 
search circles; he is regarded, not only in France 
but throughout the industrial world, as a leading 
authority on the fatigue of metals. $12.50 


a} AETHER AND ELECTRICITY (VOLS. | & II) 
by Sir Edmund Whittaker. The first volume de- 
scribes the classical theories current before 1900. 
The second volume describes the Modern Theories 
from 1900 to 1926. Set of two volumes. $17.50 


|] ENCYCLOPEDIA OF ATOMIC ENERGY 5, 
Frank Gaynor. More than 2000 entries defining 
and explaining concepts and terms in nuclear physics 
and atomic energy makes this volume a vital hand- 

for all those concerned with atomic science. 
Illustrations, charts, tables. $7.50 
[] OUT OF MY LATER YEARS by Albert Einstein. 
The book shows Einstein the philosopher, Einstein 
the scientist, and Einstein the man. 


| [) APPLIED ATOMIC ENERGY by K. Fearnside 


W. Jones. This book provides the basic 
knowledge of nuclear physics necessary to an 
understanding of the advantages to be derived from 
the techniques of different fields of pure and applied 
science, including radiography techniques pad 

.75 
C) JET by Sir book is 


Frank Whittle. This 


| primarily the historic story behind the world’s first 
| successful jet airplane. 


: The author, who in 1930 
had applied for his patent for a turbo-jet engine, 
here sets on record with characteristic modesty his 
own courageous pioneer work. 


[] THE COMPOSITION AND ASSAYING OF 


MINERALS by John Stewart-Remington and Dr. 
Wilfred Francis. In this guide to mineralogy the 
crystalline forms of numerous metallic minerals are 
referred to in the descriptions of the ores ae 

.50 


[] WATER by Sir Cyril S. Fox. This volume 
provides the reader with an outline of the Science 
of Water, both in the academic and practical 
aspects of the subject; includes details regarding its 
characteristics, its occurrence and its utilization. 
Illustrated. $8.75 
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LELAB GEIGER-MUELLER TYPE COUNTER TUBES 
Metal-Walled — Resist Shock 


Except for a glass bead insulator, Lelab counter tubes are constructed entirely 


of metal. 


The metal cylinder is used both as the envelope and cathode of the 


tube—providing it with strength, resistance to shock and simplicity of design. 
The restriction of all component parts within the diameter of the tube 


permits the close stacking of many tubes within a confined space. 


Each 


counter is custom-built, filled and tested in order to insure stability and 


reproducible results. 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 
Made especially for neurological surgery and other purposes requiring a 


miniature probe tube. 


The small needle-like probe provides an ideal way 


of measuring radioactivity in vivo and for probing small areas with a relatively 


strong field intensity. 


Write Dept. B for complete information 


H. W. LEIGHTON LABORATORIES, 26 Herman St., Glen Ridge, N. J. 








VOLTAGES UP TO 100KV 
a ES) eee 8 i 8 


CIRCUITS MAY BE READ DIRECTLY 
ON JENNINGS J-1002 VOLTMETER 


For the first time, vacuum capacitor voltage 
dividers have been integrated with a high im- 





pedance voltmeter to provide: 


(% Six linear voltage ranges including a 50 
KY range for single-ended measurements 
and a 100 KV range for double-ended 
measurements. (These ratings may be 
doubled by using a Type JCD vacuum ca- 
pacitor in series with each divider.) 


1“ A frequency range of 20 cycles to 20 
megacycles at full rated voltage and up 
to 50 megacycles for lower voltages with 
low harmonic content. 


‘A Nearly infinite input resistance with a 
loading capacitance of less than 4 mmfd. 


(7 Oscilloscope connections for each divider 
with voltage division ratios of 300:1. 
Use it alone or with either divider con- 
nected directly to the vertical deflection 
plates of an oscilloscope. Use it to 
measure and view cont nuous 60 cycle, 
rf, and pulse voltages. Use it to cali- 
brate oscilloscopes and to measure 
percentage of modulation, standing 
wave ratios, phasing, or unbalance. 
Use it to measure positive peaks, nega- 
tive peaks, or peak-to-peak values of 
any symmetrical or non-symmetrical 

voltage wave. 





SPECIFICATIONS 


VOLTAGE RANGES (peak volts full scale): 
Single Ended: 2.5, 5, 10, 25, 50 KV 
Double Ended: 5, 10, 25, 50, 100 KV 


FREQUENCY RESPONSE: 20 cps — 50 mc 


INPUT IMPEDANCE: 
Resistance: above 10!2 ohms 
Capacitance: less than 4 mmfds 


CALIBRATION ACCURACY: 3% of f. s. 
POWER SUPPLY: 117 v., 50/60 c., 20 w. 
DIMENSIONS: 16” x 10” x 1034” 

NET WEIGHT: 11 pounds 


EIU, 
‘m=RADIO 


SOLD DIRECTLY BY JENNINGS 


$475.5 FOB SAN JOSE 


CALIFORNIA 
including two 60 KV voltage dividers. 





JENNINGS RADIO MANUFACTURING CORP,- 970 McLAUGHLIN AVE. P.0. BOX 1278 - SAN JOSE 8, CALIF. 











loss and the problem of electron capture 
and loss at low velocities. 

The first of two articles concerned 
with the action of radiation in biologi- 
cal systems is entitled Biochemical 
Effects of Radiation, by K. P. DuBois 
and D. F. Petersen. It 
marily with effects on enzyme systems 


deals _pri- 


both in vitro and in vivo as reflected 
mainly by responses in carbohydrate, 
phosphorus, fat and protein metabo- 
lism. The extent of the coverage so 
expertly condensed in only 26 pages, 
can be had by noting that it includes a 
bibliography of 192 items. 

In the second article in this group, 
Vertebrate Radiobiology (Lethal Actions 
and Associated Effects), J. F. Thomson 
effectively reports on the large amount 
of work on external and internal radia- 
tion toxicity, factors modifying it, and 
studies on the mechanism of lethal 
action. Despite the pressure of space 
limitation, a sound sense of perspective 
is maintained throughout. 

The impact of Radioactivity in Ge- 
ology and Cosmology is portrayed in 
P. Kohman and 


N. Saito who have compiled a bibli- 


vivid fashion by T. 


ography of nearly 600 items published 
mainly between 1951 and 1954 and 
reviewed it critically in well 
both 


methodology, based on abundance of 


have 
chosen subtitles concerning 
suitable radionuclei, and their applica- 
tion to such problems as archeologic 
and geologic time, radiogenic terrestrial 
heat and cosmic history. 

The general impression that your 
writer has gained from reading this 
otherwise excellent volume is that the 
subject of high-energy physics has been 
perhaps overplayed, with the result 
that the generous space devoted to this 
subject stands in sharp contrast with 
the crowded circumstances in which 
some other subjects had to be reviewed. 
Perhaps this has not escaped the atten- 
tion of the editors, since they have 
scheduled for the next volume a smaller 
number of articles, embodying a more 
generous representation from chemis- 
try, biology and the not altogether stale 
topic of nuclear structure. 


The Radioactive Dust from the 
Nuclear Detonation 


The Institute for Chemical Research and The 
Radioisotope Research Committee, Kyoto Un’- 
versity, Bull. Inst. Chem. Research Kyoto Univ 
supplementary issue, Nov., 1954 (Yamashiro 
Printing Co., Ltd., Teranuchi Ogawa, Kamigyo-ku, 
Kyoto, Japan, $1.10). 


This supplement to the Bulletin is 
devoted entirely to studies growing out 
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of the fallout incident involving the | 
Fukuryu Maru. | 


~ 


fishing boat No. 5 
Japanese scientists studied the physical 
form and radiochemistry of the radio- 
active dust, contamination of fish on 
board, and metabolism of radioactive 
dust. 

The articles and their contents are 
as follows: 
. . . Radioactive Contamination . 
Sakae Shimizu, et al. survey of boat re- 
vealed 10-100 mr/hr on March 19; 
decay did not follow power law in all 
parts of boat. Extrapolating back, 
total dose is estimated at 200-500 r. 

. . Properties and Size of Radioactive 
Ashes . . ., Takehiko Kikuchi, et al. 
Ashes were white, hard, brittle. Aver- 
age mean diameter was 257 yw; most 
were between 100 and 400 uw. Radio- 
activity did not correlate with size; 
1 mg of ashes placed 3.5 em from G-M 


counter gave same counting rate as | 


0.2 ue of Co™, 
Radioautographic Studies of Radioactive 
Ashes . . ., Takehiko Kikuchi, et al. 
Radioactivity is not proportional to 
particle size. Alpha-particle energies 
were not determinable. 
Colloid Morphological and Crystalline 
Studies . . . by Electron 
and Diffraction, Eiji Suito, et al. Mean 
diameter of dust was 321 yw; average 
specific gravity was 2.42. Crystal 
structure was that of calcite rather 
than aragonite of which coral reefs are 
composed. Authors hypothesize that 
H-Bomb evaporated reef, which re- 
crystallized as calcite. 
Radioautographic Studies of Materials 
. Contaminated by . . . Ashes, T. 
Kikuchi, et al. Radioactive particles 
—<100 yw diameter—were firmly at- 


and ropes with some scattering; inner 


not complete. 

. . . Contamination of Fishes . . . and 
Foods Manufactured from Fishes, T. 
Kikuchi, et al. Radioactivity 
limited to surface of fish; none was de- 
tected in muscles and bones; skin con- 
tamination, determined by comparison 
with Co®, was 1072-10-* ye/em? and 


was 


scale contamination, 107! we/gm. 
Radiochemical Analysis of .. . 
M. Ishibashi, et al. Chemical separation 
was made with ion exchangers, with 
without 
measurements were made with end- 
window G-M counter for betas and 
scintillation counter for gammas. 
Ashes yielded: Ca**, Sr®*, Y%, Zr, 
Nb®*®, Ru’, Rh!%=, Ru!®* Rh!*, Te!?9, 
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Start your lifetime career in 


POWER 


ATOMIC 


at 


Westinghouse 


The Westinghouse Atomic Power Division is operating a new plant 
on the outskirts of Pittsburgh, Pennsylvania. Laboratories are com- 
pletely new. Equipment is right up to the minute. Atomic energy will 
be explored here as a source of power for transportation and industry. 


Westinghouse is now searching for men who can use these tools and 


opportunities . . 
power work... 
is still on the ground floor. 


. who want to build a LIFETIME around atomic 
who want to get in while this great new industry 


As the exciting new potentials of atomic power reveal themselves, 
we expect the men we employ to provide the nucleus around which 


this new Division will expand. 


Atomic Power Opportunities are waiting Now 
for Engineers with this kind of experience: 


FOR MECHANICAL ENGINEERS 


Fluid flow, heat balance, valves, mechan- 
ical and hydraulic devices and mecha- 
nisms, design and application of high 
pressure piping and systems, heat trans- 
fer, rotating machinery, general steam 
apparatus and steam power systems. 


FOR ELECTRICAL ENGINEERS 


Development, design and application of 
control systems and apparatus for nuclear 
plants. This includes servo analysis, ap- 
plication of analog computers, functional 


th ; ; ee _., | and operational analysis of mechanical 
tached to hemp-palm fibers of gloves | and electrical power systems and the ep- 


plication of temperature, pressure, flow 


clothing was not penetrated; decon- | ™struments, nuclear instruments, motor 


tamination by sea-water washing was | 


controllers, regulators, control panels and 
special electrical controls. 


FOR CHEMICAL ENGINEERS 


Design and operation of chemical process 
plants, design and application in plant 
control instrumentation, hydraulic sys- 
tems, heat transfer, corrosion, ion ex- 
change, thermal insulation plant con- 
struction and pilot plant design and op- 
eration. 


FOR PHYSICISTS 


Basic reactor physics, reactor design and 
analysis, control systems, and experimen- 
tal testing. 


MANY 


FOR CHEMISTS 


Physical chemists for reaction rates and 
mechanism studies, radiation chemists, 
nuclear chemists, radio chemists. 


FOR METALLURGISTS 


Applied research and development on re- 
actor metals and components—powdered 
metallurgy and physical metallurgy. 


Every fourth person now at the Plant 
is an engineer or scientist, and over 
half of its executives are engineers. 


SALARIES 


Open. The Westinghouse Atomic Power 
Division wants good men. Attractive of- 
fers will be made based on experience and 
ability. 


LOCATION 


Approximately 12 miles south of Pitts- 
burgh, Pa. No traffic problem if you live 
in this general area. Many homes avail- 
able and under construction. Good shop- 
ping and suburban area. 


EXTRAS 


In addition to good pay. Investigate! * low cost life and sickness in- 
surance with hospital and surgical benefits * modern pension plan * 
opportunity to acquire Westinghouse stock at favorable price * privi- 
lege of buying Westinghouse appliances at discount. 


Only citizens of the United States need apply. Please send a complete resume to: 
Mr. C. F. Stewart, Atomic Power Division, Westinghouse Electric Corporation, 
P.O. Box 1468, Pittsburgh 30, Pennsylvania 
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The task called for a rugged, reliable drive of a motor which 
would deliver up to four horsepower on acceleration, and at 
least 12 horsepower continuously. Maintenance requirements 
to be at a minimum. The drive must be able to stand high 
shock and operate under several G's. It must operate in 
temperatures from —65° to 165°F. 


Ford engineers developed such a drive in a magnetic 
amplifier servo system. It could be made for position control 
or rate control, and it operated smoothly and accurately under 
an unbalanced load condition. The gain or current-output/ 
current-input (with motor stalled) = 60,000; with a maxi- 


mum output of over 90 amps. 


This is typical of the solution of engineering problems in 
the field of servomechanisms by the Ford Instrument Com- 
pany. Should you have a problem such a solution may answer 
for you, write and indicate your needs. Ford Instrument 
Company’s forty years of experience in developing, designing 
and manufacturing special devices in the field of automatic 
control will help you find the answer. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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[31 Bal4®, La}!4?, Cel, Pr144, and U237, 
Rainwater at Kyoto, May 16, analyzed 
by ion exchange, contained Sr**, Zr®®, 
Nb*®, and Ba!*; rare earths were found 
but not identified. Corresponding ac- 
tivity peaks in ashes and rainwater 
differed considerably; absolute activi- 
ties were not determined ‘owing to in- 
sufficient data.” 

Analysis of Carrier Free Radioisotopes 
by Paper Chromatography, M. Ishibashi, 
et al. Following reagents were found 
effective for extracting carrier-free 
radioisotopes: Y, Ce-Pr—oxine-CHC];; 
Ca, Sr—oxine butanol; I, Ru-Rh— 
mandelic acid (pH5.2, 7.9) and am- 
moniacal solution of pH10. 

. . . Metabolism of Fission Products— 
I ..., T. Kikuchi, et al. Metabolism 
was studied in mice. Oral administra- 
tion of ashes: alkaline earths were 
chiefly absorbed and deposited mainly 
in bones. Oral administration of HCl 
precipitate at pH 7.0: alkaline earths 
were removed; heavy metals were 


| chiefly absorbed and deposited in kid- 


neys, liver, lungs, and spleen; excretion 


| was chiefly from kidneys. Subcutane- 
_ ous ash injection: rare-earth deposition 


was mainly in bones; excretion was 
from kidneys and digestive tract. 
Subcutaneous administration of HCl 
extract: deposition in bones, kidneys, 


| liver, lungs, and spleen; excretion from 


kidneys and digestive tract. 


|... Metabolism of Fission Products— 


II ..., T. Kikuchi, et al. Metabo- 
lism of y* Cel4l, 144 Pri44 Cats, Sr89,90. 
Ru!.106 Rh Zr Nb, and I! 
was studied in mice. Sr, Ca, and Y 
deposited chiefly in bones; Sr consti- 
tutes greatest biological hazard. 
Orally administered, Sr and Ca were 
readily absorbed from digestive tract 
and Y poorly absorbed. May have 
been impurities since radioactive mate- 
rial was separated from dust from deck 
of Fukuryu Maru. 

. . . Metabolism of Fission—III . . ., 
T. Kikuchi, et al. Radioautographic 
studies were made on distribution of 
Sr** and Ca*® (both supplied by 
U.S. AEC) in bones of mice and guinea 
pigs; there was heavy localization in 
bones. There was no remarkable 
change in blood picture 5 days follow- 
ing intracardial administration of 15 


| ue Ca*® in guinea pigs. 
|... Metabolism of Fission—IV .. ., 


T. Kikuchi, et al. EDTA-Na effect on 
metabolism of Sr (from AEC), Y and 
rare earths (from radioactive ashes) 
was studied in mice. Simultaneous in- 
jection of EDTA had no effect on dis- 
tribution of Sr. but decreased bone 
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Where lead shielding is indicated, on account of 
space limitations, the need for an easily “worked” 
material, or for reasons of economy, we would 
like to figure on your requirements. As “workers 
in lead” for many years, as a principal producer 
and marketer of all types of lead goods, National 
Lead Company is in excellent position to supply 
lead shielding that will meet your specifications. 


Stock Shielding 


We can usually “fill from stock,” or furnish on 
short notice at all of our Branches around the 
country, orders for lead brick, slabs, sheet, sleev- 
ing and other standard extruded, rolled, milled 
or cast forms. 
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Lead Shielding ee e to meet your needs 


Custom Shielding 


Where “made-to-measure” shielding is needed 
(like the above CO-60 safe and cask, for example ) 
we will be glad to quote on receipt of your draw- 
ings and specifications. A sales engineer will call 
if an on-the-job discussion is required. 

A leaflet on “Lead Shielding” will be mailed to 
you if you ask for it. Please address nearest 
Branch. 


National Lead Company 


New York 6; Atlanta; Baltimore 3; Buffalo (Depew P.O.); 
Chicago 80; Cincinnati 3; Cleveland 13; Dallas 2; 
Philadelphia 25; Pittsburgh 12; St. Louis 1; Boston 6 
(National Lead Co. of Mass.); Los Angeles 23 (Morris 
P. Kirk & Son, Inc.); Toronto, Canadz (Canada Metal 
Company, Ltd.). 
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INVEST IN 


ATOMIC SCIENCE 


through a MUTUAL FUND 


ATOMIC DEVELOPMENT 
MUTUAL FUND, INC. 


is designed to provide a managed 





investment in a variety of 
companies participating in activities 


resulting from Atomic Science. 





GET THE FACTS AND FREE PROSPECTUS 


ATOMIC DEVELOPMENT SECURITIES CO. 


1033 Thirtieth Street, N. W., Washington 7, D. C. 











+ Gentlemen: ' 
: Please send me my FREE PROSPECTUS and other important‘ 
' information on the Atomic Development Mutual Fund, Inc. : 
‘ ' 
Name. : 
Address : 
City Zone State oo 
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| deposition of the rare-earth elements. 


. Influence of Radvostrontium on 
Blood and Bone Marrow..., T. 
Kikuchi, et al. Effects of intravenous 
injection of 500-ue Sr®*-* (supplied by 
U.S. AEC) on blood and bones of rab- 
bits was observed for 40 days. Moder- 
ate leukopenia and slight thrombocyto- 
penia in periperal blood and decreased 
immature pseudoeosinophils in bone 
marrow suggest suppressing effect of 
Sr on bone marrow. Basophils in- 


' creased following injection. 


Microbarographic Oscillations Produced 
by Explosions of Hydrogen-Bombs, R. 
Yamamoto. Microbarographiec dis- 
turbances indicated wave propagation 
nearly equal to sound velocity and 
coinciding with direction of Bikini. 
Computed energy of atmospheric oscil- 
lation due to explosion calculated from 
microbarographic trace was 13.8 X 


| 107° ergs. 


BOOKS RECEIVED 


Engineering Cybernetics, by H. 8. 
Tsien, McGraw-Hill Book Co., Inc., 
New York, 1954, xi + 289 pages, $6.50. 
This is a mathematical treatment of 
the theory underlying automatic con- 
trol systems. Laplace transforms are 
treated briefly in an introductory chap- 
ter. Linear systems are covered com- 
pletely and there are chapters on 
nonlinear systems, noise filtering, ul- 
trastability, and the control of error. 


Vacuum Problems and Techniques, by 
C, E. Normand, Frank A. Knox, G, W. 
Monk, Alan J. Samuel, and W. R. 
Perret, Office of Technical Services, 
Department of Commerce, Washing- 
ton, D. C., v + 265 pages, $1.75. This 
book, based on experience gained in the 
electromagnetic-separation plants, 
gives detailed information on the de- 
sign, construction, and operation of 
large vacuum systems and their aux- 
iliary equipment. 


Development of the Guided Missile, 
by Kenneth W. Gatland, Philosophical 
Library, New York, 1954, 290 pages, 
$4.75. This revised second edition has 
new chapters on problems of propul- 


'sion, research into rocket techniques 


and requirements, and postwar work 
on guided bombs. A table provides 


| data on 140 powered rockets from eight 


countries. 


The Theory of Cohesion, by M. A. 
Jaswon, Interscience Publishers, Inc., 


|New York, 1954, viii + 245 pages, 


$5.75. Volume 2 of the Metal Physics 
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and Physical Metallurgy Series, this 


book is intended for the intermediate | 


student of the field who wishes to pre- 
pare himself for advanced literature. 
With introductory chapters on wave 


| 


mechanics, the author discusses theory | 
of metals, and then alloys, transition | 


elements, and a final chapter on co- 
valent structures. 


ALSO OF NOTE 


Photographic Dosimetry of X- and 
Gamma Rays. This handbook (Hand- 
book 57, 28 pages, by Margarete 
Ehrlich), containing primary data and 
basic photographic-dosimetry princi- 
ples, is the result of an extensive pro- 


gram conducted by the NBS Radiation | 


Physics Laboratory. Most of the in- 
formation is concerned with commer- 
cial photographic film with emphasis 
on properties basic to radiation dosime- 
try. Government Printing Office, Wash- 
ington 25, D. C., $.15. 


National Science Foundation Fourth 


Annual Report. This 137-page book- | 


let reviews American science and NSF 


activities for past year. Appendices | 


include NSF personnel, research sup- 


port program, grants, fellowship pro- | 


gram, financial report, and publications. 
Superintendent of Documents, U. S. 
Government Printing Office, Washington 
25, D. C., $.50. 


AEC Unclassified Reports. All 9,500 
AEC unclassified reports will be avail- 
able on microcards at about $.20 per 
card if the whole series is subscribed for 
or about $.50 per card if ordered indi- 
vidually. Most reports will go on one 
3X5 card. Expected delivery is 
about 1,000/month. Microcard Foun- 
dation, Godfrey Memorial Library, Mid- 
dletown, Conn. 


Proceedings of the International Sym- 
posium on Unstable Heavy Particles 
and High-Energy Events in Cosmic 
Rays. This 334-page second issue of 
the supplement to // Nuovo Cimento, 
vol. XII, series [X contains sections on 
7-mesons, A-mesons, charged and neu- 
tral hyperons, unstable nuclear frag- 
ments, cloud-chamber work, jets and 
high-energy shower particles, com- 
mittee reports, and photographic- 
emulsion standardization. Nicola 
Zanichelli, Editore, via Irnerio 46, 
Bologna, Italy, $4.80 plus postage. 


Standard Samples and Reference 


Standards Issued by the National 


Bureau of Standards. Circular 552, 
23 pages, describes over 500 available 


Vol. 13, No. 4 - April, 1955 


EKCO 


electronic scaling equipment 


AUTOMATIC SCALER TYPE N530 [This new Ekco Automatic Scaler will 


time a pre-determined count or count for a pre-determined time; it can 


| also be manually operated. It incorporates a stabilised high voltage supply 


for polarising a Geiger-Muller Probe or Scintillation Counter, an input 


| amplifier and a pulse-height discriminator. With the addition of a 


suitable radiation counter it forms a complete counting or timing equip- 


-ment. Operates from mains of 110-120 volts or 200-250 volts and is 


available for 50 or 60 cycles. 





The new Ekco Type N550 Scintillation Counter, shown alongside the 
Scaler, measures radioactive materials, in liquid or powder form, in the 
milli-microcurie range. For this purpose, it offers about twenty times 
the performance of a Geiger-Muller Counter, giving approximately 
three times the background count from | milli-microcurie of Radio- 
iodine. Used in leading hospitals, this equipment ensures both accuracy 
and speed with a minimum of skill. Type N550 operates with any Scaler 
which incorporates a pulse-height discriminator and provides H.T., 
L.T. and H.V. supplies. 








Write for the complete 
catalogue of Ekco Nucleonic 
and Electronic Equipment, 
including Scintillation Counters, 
Scaling Units, Counting 
Ratemeters,Radiation Monitors, 
Vibrating Reed Electrometers, 
| Geiger-Muller Tubes, Lead e e C r 0 Nl i C 5 


nr. en, 

Power Units, Complete Counting 

Installations, Thickness Gauges. (EB Ekco Electronics Ltd., Southend-on-Sea, Essex, England 

U.S. Sales & Service: American Tradair Corp., 34-01, 30th Street, Long Island City 6, New York, U.S.A. 
Canadian Sales & Service: Canadian Aviation Electronics Ltd., 6214, Cote De Liesse Road, Montreal, Quebec 


91 








Hevimet absorbs gamma- and X-rays 
1.4 times more effectively than lead 


Carboloy® Hevimet—an alloy of 
tungsten, nickel and copper — com- 
bines high density and high tensile 
strength. Screens of Hevimet 
require 40% less thickness than 
lead to provide the same gamma- 
ray and X-ray attenuation. Hevimet 
does not soften until 2500°F.; is non- 
magnetic; contains no cobalt. 
Hevimet is manufactured to a 
rigid quality standard. It is avail- 
able in rough blank form or as 


semifinished or finished machined 
parts 

Machinability: Easily drilled, 
turned, bored, etc.—Surface Finish: 
Can be ground, polished, or lapped 
to high luster; or plated with 
cadmium, chromium, or nickel.— 
Attachment: Easily joined with 
other materials by any of several 
conventional methods. 

For complete technical reports, 
send for Bulletin HV-4. 


Nominal Properties of Hevimet 


|standard samples of chemicals, ores, 
ceramics, and metals prepared, certi- 
| fied, and distributed by NBS. Govern- 
Printing Office, Washington 26, 


-» 8.25. 





Ks me . 


|Linear Scale Non-Logarithmic Slide 
|Rules. This 64-page booklet describes 
‘how to simply construct linear slide 
| rules for ordinary mathematical opera- 
| tions, including squares, square roots, 


‘and trigonometric functions. M. L. 
|Groder, 2003 E. 12th St., Brooklyn 29, 
IN. Y., $2.98. 


| Industrial Radiology. The 5th sup- 


Chemical C iti : (ne minal) Thermal Properties: plement, “‘ Bibliography on Industrial 
Tungsten. . eae ...90 Coefficient of Thermal Expansion Radiology, 1952-54,” by H. R. Isen- 
ae. eee Sale : ms ‘in. ta 400°C) --5.6x 10-*| burger, contains references 3021-3697. 
= pte siuhss 06s nebhcnveds ectrical Properties: on Cali 

Mechanical Properties: Electrical Conductivity 15.4% 1.A.C.S. | i a vey See. eee 
Tensile Strength (p.s.i.). . .+ +++. -95,000 Min, — Magnetic Permeability .non-magnetic | V. J., $3.00 for ref. 3021-3697, $8.00 
Hardness (Rockwell “C”).....................20—30 Shielding Properties: |for all bibliographies (’42-’54) in 1 
Modulus of Elasticity (p.s.i.). . ..50 x10 X-Ray Absorption @ 2,000,000 volts .. 1.4 x lead | yoluwme 

Modulus of Rupture (p.s.i.). . . 200,000 Half-Value Layer for Co®° (inches) (narrow beam). 0.330 | i 

Yield Strength (0.2% offset) (p. s. i... . 75,000 (broad beam). . 0.344 | 

Elongation (% in 2 inches). . 2% Min. Other Properties: | Diagnostic Procedures with Radioiso- 
Proportional Elastic Limit (p.s.i.). Rn ae 1, 000 Density (gms/cm?) ..16.9—17.2 | topes. This 30- page manus al discusses 


“Carboloy” is the trademark for products of the 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Street, Detroit 32, Michigan 


CARBOLOY CREATED-METALS FOR INDUSTRIAL 





INSTRUMENT FOR YOUR 
MAGNETIC PROBLEMS 


D-79 GAUSSMETER 


FEATURES — 


THE 


Reads 10 to 30,000 Gauss Flux Fields 
Probe is only .025” thick 

Active area .01 square inches 

Net Weight only 1012 Ibs. 

Power Supply 105-125 Volts, 50-60 Cycle 
Overall size 13’ -high, 101." wide, 6%" deep 





A complete precision built unit that will 
measure flux density and determine the direction 
of ‘flow’. It will locate and measure ‘stray fields’’, 


plot variations in strength and offers a fine use for checking 
production lots against a standard. It is simple to operate—no ballistic 


readings .. .no jerking or pulling. Comes in protective carrying case, 
For Literature Write for Brochure N-455 


Dyna-Labs= 


1075 STEWART AVE 
GARDEN CITY, N. Y 
Phone 
Ploneer | 1-2700 





Carboloy Department of General Electric veal F 


PROGRESS 






and provides data on determining 
ithyroid function with I'*!, blood- 
| and plasma-volume determination with 
|radioiodinated serum albumin, and 
| other diagnostic uses of RISA. Abbott 
Laboratories, Department of Radioactive 
Pharmaceuticals, Oak Ridge, Tenn. 


Mesa Miracle. This 36-page booklet 
| describing the uranium industry on the 
| Colorado Plateau gives a picture of the 
| magnitude of current work in explora- 
ition, milling, trucking. United 
| States Vanadium Co., Room 308, 30 E. 

42nd St., New York 17, N. Y. 


and 


Nuclear Engineering Series. With 
W. H. Zinn as consulting editor, this 
series will start with ‘“‘ Nuclear Reactor 
and Power Plant Control” by M. A. 
Schultz. Others in the series will be: 
““Nuclear Chemical Engineering” (M. 


|Benedict, T. Pigford), ‘ Radiation 
Shielding” (E. P. Blizard), “‘ Nuclear 
| Engineering” (C. Bonilla and associ- 
ates), ‘‘Nuclear Engineering Hand- 
book” (H. Etherington, editor), ‘ Re- 
actor Theory” (D. K. Holmes, R. V. 
| Meghreblian). McGraw-Hill Book Co., 
| Inc., 330 W. 42nd St., New York 36, 
|N. Y. 


Publications from the Institute [MIT] 
1954. This 80-page publication con- 
tains more than 1,100 titles (periodical 
publications, book reviews, and techni- 
cal reports) written by the MIT faculty 
and staff during the year ending July 1, 
1954. Office of Publications, Room 
7-204, Massachusetts Institute of Tech- 
nology, Cambridge 39, Mass., $.50. 
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Tables of Error Function and Its De- 


rivative. This 302-page compilation | 
of the NBS Applied Mathematics | 


Series 41 extends the range of existing 
tables and provides a smaller tabular 
interval. Government Printing Office, 
Washington 25, D. C., $3.25. 


Abstracts of the Literature on Semi- 
conducting and Luminescent Materials 


and Their Applications. This bibli- | 
ography was compiled by the Battelle | 
Memorial Institute for the Electro- | 


chemical Society. Fields covered in- 
clude metallurgy, ceramics, chemistry, 
physics, electrochemistry, and electri- 
eal, chemical, and mechanical engineer- 


ing. John Wiley & Sons, Inc., 440 | 


Fourth Ave., New York 16, N. Y., $5.00. 


Basic Circuitry of the MIDAC and 


MIDSAC. This 116-page publication | 
of the Willow Run Research Center of | 
the University of Michigan (Report | 


No. 1947-2-T) presents design and 


circuitry for two large-scale digital com- | 
puters, the general-purpose MIDAC | 
and special-purpose MIDSAC. Uni- | 
versity of Michigan Press, Ann Arbor, | 


Mich., $2.00. 


Table of the Gamma Function for | 


Complex Arguments (National Bureau 


of Standards Applied Mathematics | 


Series 34). This table gives the real 
and imaginary parts of In T(z) for 


z=2+iy,x2 = 0(0.1)10, y = 0(0.1)10, | 


each to 12 decimals. Properties of the 


gamma function and direct and inverse | 
interpolation are discussed. Auxiliary 


tables of sin mz, cos mz, sinh mz, and 


cosh wz are given to 15 decimals or 15 | 


significant figures for zx = 0(0.1)10. 


Government Printing Office, Washington | 


25, D. C. $2.00. 


Tables of Functions and of Zeros of 
Functions. This 21l-page volume of 
the Applied Mathematics Series 37 
contains 10 tables of special functions, 
e.g., integrals of the Bessel functions 


J, and Yo, exponential integrals, Struve | 
functions, and values of z"/n!, and 8 | 
tables of zeros of functions. Govern- | 


ment Printing Office, Washington 25, 
D. C., $2.26. 


Directory of Commercial and College | 


Testing Laboratories. This 48-page 
successor to the NBS directory lists 278 
commercial laboratories and their 151 
branches or offices and 86 college labo- 
ratories. American Society for Testing 
Materials, 1916 Race St., Philadelphia 8, 
Pa., $1.00. 
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4300 mph 


You're looking up—at a great future in the world 
of flight. 
The Martin men who engineered the 4300 MPH 
Viking Rocket are now considering vehicles with 
speeds beyond mach 20. And of course, at these 
speeds, the moon doesn’t have to be the earth’s 
only charted satellite. 
Interesting? Martin research in the rocket field 
is only one of many exciting new long-range 
developments which are creating exceptional 
opportunities and futures on projects of the high- 
est priority and promise. 
If you're a creative engineer with an eye for the 
big chance, look up! And look into the Martin 
story. 
Contact J. M. Hollyday, Dept. N-4, The Glenn 
L. Martin Company, Baltimore 3, Maryland. 
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Control Systems for Nuclear Reactors 


These integrated, packaged systems for controlling nuclear reactors include cir- 


cuits for start-up, period measurement, and regulation. 


Engineering of system 


including safety and interlock circuits and design of the control panel are 


offered as well as testing of the assem- 
bled system and provision of trouble- 
shooting manuals. 

The Log Count Rate channel (left, 
above) includes fission chamber, pre- 
amplifier, amplifier, scaler, and log- 
counting-rate meter and _ recorder 
with output to control-rod interlocks. 
The Period Log N channel consists of 
compensated ionization chamber and 
power supply, log N amplifier and 
recorder (with range of 3 X 10* to 1), 
period amplifier, sigma amplifier, and 
amplifier for control-rod electromag- 


RADIOACTIVITY MATERIALS 





net. Linear Servo channel consists of 
compensated ion chamber and power 
supply, special micromicroammeter, 
recorder-controller, servo amplifier 
(the PAT-60, right above), and con- 
trol-rod drive unit. Safety channels 
actuated by parallel circular plate 
ion chambers have preamplifier, sigma 
amplifier, and amplifier for control- 
rod electromagnet. Ail these are 
described in folder ND46-70-700(1). 
—Leeds and Northrup Co., 4934 
Stenton Ave., Philadelphia 44, Pa. 


AND APPARATUS 








Thulium X-Ray Unit 

Weighing 20 lb, Iso-X (above) uses 
a Tm!’° source enclosed in an alumi- 
num capsule. Whole set including 
stand weighs 35 lb. Built-in timer 
provides exposures up to 60 sec. 
Radiation level at surface of unit is 
much less than 6 mr/hr. Base ac- 
cepts standard 10 X 12-in. cassette.— 
Litton Industries, 336 N. Foothill 
Rd., Beverly Hills, Calif. 


Fume Hood 


New modular unit is available in a 
variety of styles with single and double 


94 


compartments and features asbestos- 
composition-lined superstructure in- 
terior, fluorescent lighting, radially act- 
ing adjustable baffles for air handling 
and balancing, and = stainless-steel- 
framed safety-glass sash window on 
nylon rollers.—Metalab 
Equipment Corp., 214 


Hicksville, New York. 


ball-bearing 


Duffy Ave., 





Safety Pipette Filler 


Mouth pipetting of radioactive liquids 


is eliminated with Propipettes (above) ; 












One- 


0.01-em* precision is possible. 


hand operation is by means of agate- 
ball valves. Can be with all 
laboratory pipettes from the smallest 
Instru- 
60 St., 


used 


to those exceeding 50 cm*. 
mentation Associates, 17 W. 
New York 23, N. Y. 


Linear Accelerator 

For radiation processing the Mark 1 
accelerator provides 0.7 mamp beam of 
electrons (0.2 amp peak) at 6 Mev, uses 
10-em klystrons. Pulse length is 10 
usec, pulse repetition rate is 360 per 
sec. Beam diameter is 14 in. before 
Accelerator dimensions: 
30 X 36 in.; 
Power-unit dimen- 


scanning. 
height, 126 in.; 
weight, 2,000 lb. 
sions: height, 71 in.; base, 30 X 36 in., 
weight, 2,000 lb—Applied Radiation 
Corp., 1210 Springbrook Rd., Walnut 
Creek, Calif. 


base, 


Portable Gas Sampler 

Model Y-101 is 93g XK 6 X:125¢ in. 
and weighs 15 lb. It operates on 
115 v a-c power. Gas flow rate is 
indicated and is adjustable between 
30 and 450 em*/min.—Arnold O. 
Beckman, Inc., 1020 Mission St., So. 


Pasadena, Calif. 


Counter, Sample Mount 

Two adjustable shelves provide for 
samples and ab- 
mount. 
indexed and 


|—2-in.-diameter 
sorbers in the model CS-1 
Height is 
shelves may be locked in position to 
maintain fixed geometry —NRD In- 
strument Co., 6425 Etzel Ave., St. 
Louis 14, Mo. 


accurately 


RADIATION DETECTORS 


AND ACCESSORIES 





Plastic Scintillators 
Available in sizes up to the 16-in.- 
diameter 12-in.-long model above, 
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new scintillator B is a clear, color- 
less, haze-free plastic that exhibits a 
blue daylight fluorescence. Pulse 
height is 90% that of stilbene. De- 
cay time is 3 X 10~* sec. Composi- 
tion is all hydrocarbon (H/C = 1.10); 
specific gravity is 1.03. Stocked in 
1, 134, 3, and 5-in.-diameter rods. 
Sheets down to 0.03 in. are available. 

Pilot Chemicals, Inc., 47 Felton St., 
Waltham 54, Mass. 


Decade Scaler 

Model 181 has 5-ysec resolving time, 
scales of 10, 100, or 1,000. Built-in 
supply is continuously variable from 
400 to 3,000 v, delivers 100 wamp.— 
Nuclear-Chicago, 229 W. Erie St., 
Chicago 10, Ill. 


"7 


Alpha Scintillation Counter 

The 15A scintillation counter (above) 
measures 3 X 1544 in., has_back- 
ground as low as 3cph. Detector is 
ZnS powder scanned via light pipe by 
6292 phototube. Minimum plateau 
length is 150 v, slope is less than 3% 
per 100 v.—Radiation Counter Labo- 
ratories, Inc., 5122 W. Grove SBt., 
Skokie, Ill. 


Fast Register 

Counting rates to 130 cps are han- 
dled by Cyclonome counter (above) 
that uses unique stepping motor. 
Accepts either d-c pulses down to 3 
msec wide or a-c cycles with 3-msec 
minimum half cycle. Life is above 
5 X 10° counts. Has 6-figure read- 
out.—Sigma Instruments, Inc., 77 
Pearl St., 8. Braintree 85, Mass. 
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Portable Counter-Scaler 


Weighing 714 lb, the Countmaster 
(above) has scale readings to 20 mr 
hr, counter for 10° counts. Timer 
selects count intervals from 20 sec to 
2 min. Detector is a Geiger tube, 
with sliding shield to cut out §@’s. 
Maximum counting rate is 200 cps.— 
Hoffman Laboratories, Inc., 3761 8. 
Hill St., Los Angeles 7, Calif. 


Underwater Detector 


Waterproofed aluminum case allows 
model 711 scintillation detector to 
operate under water. Filling of dry 
inert Ne is available. Circuit uses 
subminiature vacuum tubes. Tem- 
perature range is 35—-110° F.—General 
Automation Co., 2265 W. Washington 
Blvd., Los Angeles 18, Calif. 


Uranium tester. For fluorescent 
bead-testing for U, the Mark IIT spec- 
trum isolation chamber obviates need 
forultraviolet lamp. Low-cost cham- 
ber has ultraviolet filter that excludes 
98 % of sunlight’s visible components, 
allows fluorescence tests of any type. 
Unit weighs 5 oz.—Menlo Research 
Laboratory, Menlo Park, Calif. 


ELECTRONIC INSTRUMENTS 
AND APPARATUS 


Automatic Tube Tester 


Mullard tester (above) uses perforated 
cards to set up test circuits; cathode- 


ray tube is used for readout. Over 
1,500 tube types represented.—Inter- 
national Electronics Corp., 81 Spring 
St., New York 12, N. Y. 


Potentiometers 


These new potentiometers use wide- 
band dielectrics, or are linear, minia- 
turized, or multiturn. 

© Weighing less than 2 gm, Tiny 
Trim (above) is only 34¢-in. thick. 
Flat design and location of adjusting 
screw in edge permits stacking. 
Available in standard resistance 
ranges, 10—25k ohms.—Daystrom 
Potentiometer, 1509 Colorado Blvd., 
Santa Monica, Calif. 

e Wide-band dielectric potentiometer 
derives its resistive and capacitive 
elements from the inherent properties 
of a lossy liquid dielectric. Fre- 
quency response is free of phase dis- 
tortion from 20 cycles to 10 Me. At- 
tenuation range is approximately 25 
db, resolution is infinite. Also offered 
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FOR SCINTILLATION & 
PROPORTIONAL COUNTING 


NON-OVERLOADING LINEAR AMPLIFIERS 
Models 107 
& 107P 

Gain 40,000 
continuously 
variable 

Rise 0.2 mic- 

d 

Accept + an 
— pulses 

TREMENDOUS DYNAMIC RANGE Exceeds 1,000,000 

(0.1 mv to 100v) 

Based on improved Chase-Higinbotham design. 

Excellent linearity for small pulses in the presence of 

tremendous overloads that paralyze other amplifiers. 

PULSE HEIGHT SELECTOR (Supplied only on Model 
107P)—Precision trigger-type. 


PRECISION HIGH VOLTAGE SUPPLIES 








Model 515 
(Positive and 
Negative) 





@ 500-1500 volts, 1 m.a. (2 m.a. to IKV) 

@ Continuously variable 

@ Polarity switch makes this highly regulated 
supply equivalent to two separate precision 
instruments 

@ Drift less than .01% over several hours; less 
than .02% per day. Regulation .0002% wd 
% change in line voltage for line voltages be- 
tween 70 and 140 

@ Precision voltage divider (0.1% resistors) for 
precise reading of output voltage 

© 44” panel meter. Dual teflon output con- 
nectors 


Model 107 Amplifier $545.00 
Mode! 107P Amplifier (includes pulse- 

height selector) $595.00 
Model 112 Amplifier (gair of 1000) $350.00 
Model 401 Mercury Pulse Generator $125.00 
Model 515 HV Supply (500-1500 volts) $385.00 
Mode! 540 HV Supply (1000-4000 volts) $535.00 


(prices FOB Silver Spring) 


RADIATION INSTRUMENT CO. 


P.O. BOX 733 SILVER SPRINGS, MARYLAND 














MERCURY VAPOR 
DETECTOR 


for detecting toxic concentra- 
tions of mercury vapor 








The toxic limit is a full scale reading 
on the high sensitivity scale of Model 
23, illustrated above. The weight is 7 
pounds and the size is 13 x 8} x 4} 
inches. 


A bibliography on the mercury vapor 
hazard is available on request as well 
as literature on the different models of 
the Kruger Mercury Vapor Meter. 


HAROLD KRUGER 
INSTRUMENTS 


Box 164 San Gabriel, Calif. 














is L10S 10-turn potentiometer with 
0.05 % linearity in 1—100-k models. 
Technology Instrument Corp., 533 
Main St., Acton, Mass. 

eType 2235 linear potentiometers 
are center tapped, have four leads to 
terminals. Conductive-plastic resis- 
tive element is integral with mineral- 
filled phenolic support of matched 
expansion coefficient for ruggedness. 
Available in 5, 10, 20, 50 and 100 
kilohms +10%. Linearity is below 
1%. Travel is 31¢ in.—Markite 
Corp., 155 Waverly Pl., New York 14, 
New York. 





Miniature Mercury Battery 


Smaller than a dime in diameter, 
model 625 battery is 0.225 in. high, 
weighs 4.5 gm. Operated at 2-ma 
drain on 12-hr-day test it will run for 
200 hrs to 0.90-v cutoff. Internal 
resistance and noise are low.—General 
Dry Batteries, Inc., 13000 Athens 
Ave., Cleveland 7, Ohio. 








MIC RO, 


AMPERES 





Sensitive Panel Meters 


Available in current ranges of 200 
pamp-—l amp and voltage ranges from 
2 to 1,000 v, model UPP rectangular 
d-c panel instruments (top, above) 
offer 0.5% accuracy, mirrored scales. 
Overloads of 10,000% can be toler- 
ated. Also available are model CEW 
reference standards with 0.25% accu- 
racy (current ranges 30 ywamp—100 
amp, voltage ranges 50 mv—750 v) and 
(bottom, above) model SEW high- 
sensitivity meter with 0.5% accuracy 
(current 1 wamp-100 amp, voltage 
ranges 1 mv-—750 v).—Sensitive Re- 
search Instrument Corp., 9 Elm Ave., 
Mt. Vernon, N. Y. 


Vacuum-Tube Microvoltmeter 


Model 202 has 13 ranges from 0—300 
uv to 0—300 v and mirrored, linear, 





zero-center scale. Accuracy is 3%. 
Size: 10 X 7 X 7 in—Kay Lab, 1090 
Morena Blvd., San Diego, Calif. 


Meterless Bridges 

Capacitance bridge C-10 measures 10 
puuf—200 uf to 3%. Glow lamps in- 
dicated degree and direction of un- 
balance. Unit operates on 115 v a-c, 
is 334 X 6 X 2in. Similar resistance 
bridge R-10 measures 5 ohm—50 
megohm with 2% accuracy.—Indus- 
trial Development Laboratories, Inc., 
17 Pollock Ave., Jersey City, N. J. 


Low-Resistance Ohmmeter 


Model LRO measures 0.1, 1, and 10 
ohms full scale with 1% accuracy. 
Measuring current is always less than 
110ma. Four-terminal measurement 
is used for increased accuracy in low- 
resistance ranges.—Industrial Instru- 
ments, 89 Commerce Rd., Cedar 
Grove, N. J. 


Midget Test Meter 


Measuring only 234 X 446 X 1 in. 
over-all, pocket-sized model 355 has 
10,000 ohm/v sensitivity and offers 
14 ranges: 5 for a-c voltages, 5 for d-c 
voltages, and 4 for d-c resistance. 
Accuracy is 3% d-c, 5% a-c.—Simp- 
son Electric Co., 5200 W. Kinzie St., 
Chicago 44, II. 


Mercury-Jet Switch 


Developed at the University of 
California Radiation Laboratory, this 
high-speed switch is capable of sam- 
pling 120 circuits 60 times per sec. 
A mercury jet stream continuously 
emanating from a motor-driven cen- 
tral pool sequentially contacts pins 
located circumferentially about it 
with no contact bounce and low noise. 
—Detroit Controls Corp., Research 
Division, Redwood City, Calif. 


Delay Lines 


Here are three new delay lines that 
afford delays from 0.3 to 112 usec. 

® Model 6C2 miniature 14-in. delay 
lines have 1,800-ohm impedance. 
Delays of 0.5, 0.7, and 0.9 usec are 
standard. Rise time is less than 7% 
of delay.—Advance Electronics Co., 
451 Highland Ave., Passaic, N. J. 

® Model DL 0600-03/120 has 0.4-db 
attenutation, 0.36-usec rise time, 36- 
usec delay with a tap every 0.3 usec. 
Delay tolerance is 3%, characteristic 
impedance is 600 ohms, tap capacity 
is 400 uuf.—Epsco Inc., 588 Common- 
wealth Ave., Boston 15, Mass. 

© Model F-100 provides delay of 112 
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usec tapped every 2 wsec. Delay is | 
accurate to 0.1%. Rise time is 1.5 
usec; impedance is 240 ohms. Also 
available are 28-usec models.—Con- 
trol Electronics Co., 1925 New York 
Ave., Huntington Station, N. Y. | 
Germanium Rectifier Supply 
Tubeless model G125-25 weighs 125 
lb, supplies 125 v 25 amp with 5%rip- | 
ple. Input is 230 v, 60 cycle, 3 phase. 
Also available is 6-v 5-amp magnetic- | 
amplifier-regulated supply with 1% 
regulation.—Perkin Engineering 
Corp., 345 Kansas St., El Segundo, 
California. 
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Breadboard Chassis 


Unitized Al chassis (above) has full- 
length bus bars and four sets of five- | 
terminal strips. Bottom shelf mounts | 
heavy transformers; slant sides have | 
holes for these sockets: 8 octals, 4 | 
seven-pin miniatures, and 3 nine-pin 
miniatures.—Uni-Science, Inc., P. O. 
Box 64, Rockville, Maryland. 


NEW MATERIALS 


Glass Screen 


Precision glass screens have 90,000 
square holes per in’, they are 300 
mesh. Current screen size is 214-in?, 
in square shape; other sizes, shapes 
and meshes are available-—Corning 
Glass Works, Corning, N. Y. 


High-Purity Zinc 

For anodic protection, cast 99.99+ % 
electrolytic zine is sold in 144 X 6 X 
12 in. size. Two galvanized steel 
stripsarecastin. Magnesium anodes 
are also available.—Federated Metals 
Division, American Smelting and Re- 
fining Co., 120 Broadway, New York 
5, N. Y. 





Kel-F Elastomer 

Synthetic rubber of Kel-F has ex- 
treme resistance to oxidants, thermai 
stability to 400° F, oil resistance and 
low moisture absorption. Rubber 
has 2,000-3,500-psi tensile strength, 


Vol. 13, No. 4 - April, 1955 





New Industry has welcomed the nuclear non-contact 
Beta Gauge as by far the best instrument for 


CURTISS-WRIGHT the continuous measurement of the weight per 


unit area of rubber, sheet plastic, paper or 
metal. Manufacturers should carefully weigh 


the relative merits of these instruments. It will 
pay you to consult with our engineers. The 
Curtiss-Wright Beta Gauge offers these ex- 


clusive features: 
Offers Many G ; fact librated librati e 
auge ac ory cahbora ; no canbration neces- 
EXCL USIVE sary in the field. 


Advantages Calibrated directly in weight per unit area; no 


conversion charts. 





Single control changes operation from one weight 
to another. No skilled operator or lengthy train- 
ing needed. 

Accuracy and sensitivity + '2% for most opera- 
tions. 

Standard interchangeable plug-in units—minimum 
down time. 

Negligible drift; needs no automatic standardiza- 
tion; assures accurate machine error readings. 


Vibrating condenser electrometer—no D.C. am- 
plifiers, electrometer tubes or batteries —lower 
cost — minimum maintenance. 

Only a total of 12 tubes in circuits that insure 
long life—entire power consumption 70 watts. 


Operation independent of mounting position. 


Automatic controls available —trained personnel 
for installation and service. 


. ELECTRONICS DIVISION 
Over 400 of these Beta 

Gauges are currently in use Cu RT| c c-W A | F HT 
throughout Western Europe. CORPORATION +  CARLSTADT, N. J 


Write or phone for further 
details or consultation. Systems Frieseke & Hoepfner 
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FROM THE RANGE Of BURNDEPT NUCLEONIC INSTRUMENTS 


pacer od 


RATEMETER prvec san. 102 — 


A versatile, self-contained 
yet moderately priced 
ratemeter, the BN. 102 
can be used for normal 
counting and health mon- 
itoring purposes with a 
wide variety of scintilla- 
tion or Geiger counters. 
The instrument incorpor- 
ates a pulse amplifier, 
discriminator and variable 
stabilised E.H.T. supply. It is mounted on a 

standard 19” panel with controls designed for ease of operation. 





Count ranges: 0-10, 100, 1,000, 10,000 counts/sec. 
Electro-mechanical register for low rate counting 
External connections for scaler, recorder and quench unit 
Loudspeaker for aural indication 


The BN. 102 is one of a range of nucleonic instruments 
designed and manufactured by Burndept Limited. We 
welcome enquiries for any form of laboratory or industrial 
nucleonic instrumentation. For further particulars, 
BURNDEPT write to Dept. N. 
oo 


BURNDEPT LTD - NUCLEONICS DIVISION "ERITH - KENT - ENGLAND 
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MISSILE 
SYSTEMS 


Physicists 
and 


Engineers 


New developments at Lockheed 
Missile Systems Division have 
created positions for physicists 
and engineers of outstanding 
ability in: 

RADAR + COMPUTERS 

SYSTEMS ENGINEERING 


COMMUNICATIONS 


TELEMETERING 
- MECHANICAL ENGINEERING 


ELECTROMECHANICAL DESIGN 
_ TEST EQUIPMENT DESIGN 
_ INSTRUMENTATION 
NUCLEAR PHYSICS 
OPERATIONS RESEARCH 





MISSILE SYSTEMS DIVISION 


research 
and 
engineering 


staff 


LOCKHEED AIRCRAFT 
CORPORATION 


VAN NUYS «CALIFORNIA 


| 





400-600 % extensibility, and 150—400- 
ppi tear strength. Crumb and com- 
pressed sheets are sold.—M. W. Kel- 
logg Co., P. O. Box 469, Jersey City 3, 
New Jersey. 
& 

Alumina ceramic. AL-399 ceramic is 
99% alumina. Madein many shapes, 
it has 575-v/mil dielectric strength at 
300° C.—Western Gold and Platinum 
Works, 589 Bryant St., San Francisco, 


California. 


PIPING COMPONENTS 








PVC Valves and Fittings 
Completely molded from polyvinyl 
chloride, Luncor valves and fittings 
are corrosion resistant, usable at 125 
psiand 150° F. Prices are lower than 
stainless steel and other alloy valves. 
Complete line of fittings and globe 
valve (shown above) are available.— 
The Lunkenheimer Co., Cincinnati 
14, Ohio. 


Non-Corroding Pumps 

Self-lubricating carbon-graphite im- 
peller with bronze, stainless steel, syn- 
thetic rubber, or Hastelloy-C body 
suits this rotary-displacement pump 
for corrosive liquids. Temperature 
range is —70-400° F. Capacities are 
1-10-gal/min with pressures to 150 
psi. Another pump has synthetic 
rubber body, Hastelloy-B or -C hard- 
ware, and Neoprene, Hypalon or 
Teflonimpellers. Boiling HCl, H.SO, 
or mixed acids; and free chlorine can 
be handled.—Eco Engineering Co., 
12 New York Ave., Newark 1, N. J. 


Interchangeable Pumps 


Only casing, impeller and suction noz- 
zle determine capacity for single stage, 
end suction, centrifugal process 
pumps. All other parts are inter- 
changeable between pumps in same 
and other series. Three series of 32 
pumps have 3-7,000-gal/min capaci- 
ties, for temperatures to 850° F. 
Similar line for 350° F service is avail- 





able-—Dean Brothers Pumps Inc., 
323 W. 10th St., Indianapolis 7, Ind. 





Constant-Flow Valve 

Flow rate is maintained within 1% 
despite up- and downstream pressure 
fluctuations by new valve (above). 
Models for maximum flows from 200- 
700 gal/hr will operate at 500 psi and 
250° F. Flow control from 10-100% 
of maximum is achieved by balancing 
pressure drop (40 psi or more) across 
adjustable orifice. Remote and man- 
ual adjustments are provided.— 
Askania Regulator Co., 240 E. 
Ontario St., Chicago 11, IIl. 
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Piping Connections 

New type of piping connector uses a 
two-bolt clamping principle and a 
New lubricant 
for threaded pipe couplings allows 
fittings to run past the thread, in 
effect, cutting additional threads. 

e New piping connection (above, top) 
consists of steel sealing ring with flexi- 
ble lips, and rigid rib fitting between 
steel connecting hubs. Two-piece 
steel clamps work against shoulders 
of hubs. The Graloc connection is 
claimed leakproof with any fluid at 
any temperature. Pressure limits 


April, 1955 - NUCLEONICS 


stored energy seal. 
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and bending moments are greater 
than for XX strong pipe. Sizes are 
114-12 in. for schedule 40 to 160 pipe. 
Gray Tool Co., P. O. Box 2291, | 
(AA41), Houston 1, Texas. 
e Liquid Moly high-pressure 
compound allows fittings to run up 
two or three turns past threads (p. 98, 
bottom) with little extra torque. 
Metal deformation holds parts in 
intimate contact.—The Lockrey Co., 
Southampton, N. Y. 


Analyze 
URANIUM 


in any form 
in concentrations of 0.001% and less 


pipe 





2 aa 


Whether your problem is in research, 
production control, or ore assaying, 

you can make faster, more accurate 
analyses of uranium with the JAco G-M 
Fluorimeter. Leading mines, mills, 
metallurgical plants and laboratories all 
over the world report making 50 to 100 
determinations a day — even when sample 
concentrations are 0.001% or lower. 


Rotating seal. Bellows-design seal 
rotates with shaft, so bearing surface 
is between precision ground rotating 
and stationary faces. Shafts already ‘e 
can be sealed. Material of The JAco G-M Fluorimeter offers you the high 


scored 


Chemiseal Mechanical Seal is Teflon. 
—U.S§8. Gasket Co., Camden 1, N. J. 


Packing and gasket. Teflon yarn 
packing can be used at higher speeds 
than molded Teflon. 
impregnated with lubricant. Avail- 
able sizes are 1¢—5¢-in. in 144 grada- 


tions. FreeFlow gasket does not ex- 


tend beyond pipe i. d., sono turbulence | 
There is no air space be- | 


is formed. 
tween insert and envelope, so no possi- 
bility of high temperature rupture.— 
Crane Packing Co., 1800 Cuyler Ave., 
Chicago 13, Ill. 


Thread Lubricant. 
400° F 


Blue Goop for 


steel, and aluminum eliminates galling | 


so threads can be reused. Silver 
Goop is for 2,100° F use on stainless 


steel and high temperature alloys. | 
Both Goops come in tubes.—Craw- | 


ford Fitting Co., 884 E. 140th St., 
Cleveland 10, Ohio. 


Forged needle valve. 
thread stainless-steel stems for fine 


metering; and forged brass, stainless 


or carbon steel bodies are features of 
Bull-Dog needle valves. Optional 
machining on outlets is furnished at 
no extra charge.—Carpenter Valves 
Corp., 6723 Denison Ave., Cleveland 
2, Ohio. 


Toggle Valves. 
stock, quick-acting toggle valves 
from 1¢~—}4-in. size for pressures to 


1,000 psi have 0-ring or Teflon chev- | 
Adjustable cap | 


ron packing seals. 
nut and lever travel plane are added 
features. Valve can be pannel 
mounted without modification.— 


Hoke, Inc., 233 S. Dean St., Engle- | 


wood, N. J. 


Solenoid valve. Packless solenoid- 


operated direct lift 8030A valve for | 
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Packing can be | 


Micrometer 


Machined from bar | 


precision sensitivity and stability you want, because its 
advanced design includes exclusive features: 


No Cooling System — Blacklight Blue lamps used as ultraviolet source 


require no cooling. 


No Optical System — sample slide, light source and detecting system 


are mounted in close proximit 
voltage across dynode of the photomultiplier tube. 


eliminating optics and allowing low 


Improved Power Source — circuit compensates for input-output voltage 


Discover all 

the ways this 
outstanding 
JAco Instrument 


and tends to compensate for heater voltage variation. 


Convenient Control Grouping — handy keyboard arrangement of switches 
and controls cuts time, reduces fatigue. 





can help you 
to do your 
job better. 
Write today 
for descriptive 
bulletin. 


DETROIT 
13680 Capitol Ave. 


| SALES OFFICES: 


EL CERRITO, CAL. 
1344 Devonshire Drive 916 Greenhill Road 


JARRELL-ASH COMPANY 


26 Farwell Street, Newtonville, Mass. 





PITTSBURGH, PA. LOS ANGELES (Dvarte) 


Miltonwood Rd. 





| 
_RADIATION INSTRUMENT CO. 





use on titanium, stainless | 


MERCURY PULSER 


Featuring Versatility and Precision 
MODEL 401 $4.2500 2. pans 


| SPECIFICALLY 


DESIGNED 
for the 
NUCLEAR 
PHYSICS 
LABORATORY 


FAST RISE AND EXPONENTIAL DECAY SIMULATES 
SCINTILLATION, PROPORTIONAL OR GEIGER COUN- 
TER PULSES FOR TEST AND CALIBRATION OF AMPLI- 
FIERS, PULSE HEIGHT ANALYZERS, SCALERS, ETC. 


Rise time: less than 0.003 microsecond. 

Decay time: selector switch for 1, 
microsecond RC decay 

Pulse amplitude: 1 mV to 1 V in 10 steps (from 
internal supply) 

Provision for external battery for pulses up to 45 
Volts (continuously variable). 

Provision for calibration by external potentiometer. 

Polarity switch permits selection of positive or nega- 
tive pulses. 

Output contains only pulses of desired polarity. 

| Latest improved Western Electric mercury relay. 
Repetition rate 3600 ppm. 

Precision Resistors throughout for high accuracy and 
stability 


Stable mercury cell, protected by AC relay, lasts for 
shelf life. 


"RADIATION INSTRUMENT CO. 


P.O. BOX 733 SILVER SPRING, MARYLAND 


10 or 100 


! 











VHS* RELAY 


(*Very High Sensitivity) 
im Model 266 


Sample specs. are: 
0.2 micro- 
amperes, (12,000 
ohms coil) or, 0.1 
millivolts, (5 ohms.) 


@ The VHS is a balanced 
armature, Alnico magnet type 
relay. It is internally shock- 
mounted and resistant to 
vibration. The screw-on cover 
is gasket sealed, It can be opened and resealed. 


Connections: 9 pin octal style. Dimensions: 1% 
diameter x 2% long. Weight: 4 ounces. Sensitivity: 
Infinite variations from 0.2 Ua. to 10 Amp. or 
0.1 Mv. to 500 volts, self contained. Higher volts 
or amps with external multipliers. A.C. rectifier 
types. Trip point accuracies to 1%. Differential 
1%. The degree of resistance to shock and vibra- 
tion primarily depends upon sensitivity and type 
of action wanted. In general, the relays will not 
be permanently dam- 

aged by shocks of 

100 G‘s and vibra- 

tions up to 2,000 cps 

at 4G's. The most 

sensitive relays may 

close their contacts 

under these  condi- 

tions. 

Contacts: SPST or 

SPDT, 5-25 Ma. D.C. 

Other ratings to 4+ 

Amp. A.C. A locking 

coil gives high pres- 

sure and chatter free 

contact under shock 

and vibration. 

Prices: $20-$80. 

Delivery 4 to 6 weeks. 

Assembly Products, 


aan: Chesteriand 28, Write dhe enghemation al agaieh 


See us at IRE Conf., Westward Ho, Phoenix, 4/26, 29 
99 














Accurate... 
Economical .. . 
Easy-to-operate .. . 


KELEKET 


Pocket 


DOSIMETER 


MODEL K-112 
AEC +PIC-7A3 


Enables X-ray or radio- 
isotope personnel to keep 
constant check on accum- 
viated X- and gamma 
radiation exposure. Clips 
conveniently to pocket. 
Withstands severe abuse. 
Only 3§” long. Capacity: 
200 mr. 


Also high range models to 
100 roentgens. 


Charged on Keleket K-135 
Charging unit. 
Write for 
FREE Bulletin! 


KELEKET INSTRUMENT DIV. 


266—4 West Fourth St. 
Covington, Ky. 

















radiation 
shielding 
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6" THICK 
RAY PROOF 
SOLID LEAD 


BLOCK 
HIGH DENSITY 


GLASS BLOCK 
ff YPE 34| 
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RAY PROOF 
DENSITY 
CONC. BLOCKS 


INiNli HOT CELL WALL SECTION 


Our materials are 
designed to meet your 
shielding specifications. 

| 


RAY PROOF 


WE SOLICIT YOUR INQUIRIES 
100 









































Variacs. 


pressures to 7 psi is offered in 3¢ and 
1g-in. pipe sizes. 


INDUSTRY NOTES 


Radio Condenser Co., Camden, 
N. J., has formed an automation 
division charged with design and 


engineering of electro-mechanical as- | 


semblies for automation programs. 


> Minneapolis-Honeywell Regulator 
Co., Philadelphia, Pa., has created 
an electronics sales section, headed by 


Charles Sanders, within its commer- | 


cial division. 


>A special products division was es- 


| tablished by the Boonton Molding 


Co., Boonton, N. J., for compression 
and injection molding of the newer 


plastic materials, such as Kel-F, sili- | 


cones, epoxy and polyester resins. 


LITERATURE AVAILABLE 


Bulletin N 
line of continuously adjustable auto- 
transformers. 16 p.—General Radio 
Co., 275 Massachusetts Ave., Cam- 
bridge 39, Mass. 


Recording charts. 
ples of dial and roll charts, explains 
specialchartservices. 12p.—Techni- 
cal Charts Inc., 189 Van Rensselaer 
St., Buffalo 10, N. Y. 


Knitted metals. Bulletins give data 
on mist elimination, and shielding 
for HF and UHF equipment with 
knitted metal parts. Reprint gives 
industrial applications.—Metal Tex- 
tile Corp., Roselle, N. J. 


Consulting services. Brochure tells 
of available consulting services and 
facilities. 12 p.—Nuclear Consult- 
ants, Inc., 33-61 Crescent St., Long 
Island City 6, N. Y. 


Laboratory apparatus. Recording 
balances, semi-automatic weigher, 
photometer, and micromanipulator 
are described in leaflets—C. A. 


Brinkmann and Co., Box 532, Great 





Neck, N. Y. 


Industrial noise. Booklet tells of 
equipment for noise and vibration 
measurement. 34 p.—A. E. Cawkell, 
6-7 Victory Arcade, The Broadway, 
Southall, Middlesex, England. 


Slide rules. Catalog 164-A describes 
line of metal slide rules, from standard 


characterizes | 


Gases and liquids | 
| to 180° F can be used.—Automatic 
Switch Co., Orange N. J. 


Catalog has sam- | 


to dual-base log log vector hyper- | 








WHERE TO BUY 

















SPECTROSCOPE 


SPECTROSCOPE uses a diffraction 
grating and lens system fine 
enough to resolve the principal 
dark absorption lines in the sun's 
spectrum ...a quick test for 
rare cases and many kinds of 
chemicals and minerals. 








This finely machined unit displays 
a bright spectrum with excellent 
clarity. Convenient, miniature size 
fits into your pocket. In use by 
the U.S. Dept. of Mines, leading 
universities, students and prospec- 
tors. Truly an excellent buy at a 
fraction of what you would pay for 
a larger unit doing much the same 
job. 

All units guaranteed 
insured and postpaid 
in U.S.A, 





$19.50 net 
(in lots of 12 unit price 18.50 net) 


BARRY ELECTRONICS 


512 Broadway 



























New York 12, N. Y. 
WA 5-7000 





Larger Sizes Now Available 


PENBERTHY INSTRUMENT CO. 


665-8 Adams St. 


HI-D® LEAD GLASS WINDOWS 


For use in steel, lead, and concrete walls. 


Seattle 8, Wash. 
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Physicists 
and 


Engineers 


are required for 


INDUSTRIAL 
ATOMIC POWER 





PHYSICISTS — in following areas: 
Reactor design and analysis, 
basic reactor physics, shielding 
problems, instrumentation and 
control. 


ENGINEERS — in following areas: 
Response-stability characteristics 
under transient load conditions, 
mechanical design of components, 
thermal and fluid systems anal- 
ysis, control systems and instru- 
mentation. 


WESTINGHOUSE ELECTRIC CORP. 
INDUSTRIAL ATOMIC POWER 
BOX 355 * PITTSBURGH 30, PA. 
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ENGINEERS 
SCIENTISTS 


The Aircraft 
Nuclear Propulsion 
Department of 


GENERAL ELECTRIC 





has opportunities of major sig- 
nificance at several locations: 
Cincinnati, Ohio, and Idaho 
Falls, Idaho. Openings are with 
Applied Research and Devel- 
opment groups doing advanced 
engineering on important proj- 
ects. 


Positions Available For: 
* PHYSICISTS 
* MATHEMATICIANS 


* NUCLEAR ENGINEERS 
* REACTOR ENGINEERS 


Explore, extend and develop 
the fields of Nuclear Reac- 
tor and Shield Theoretical 
Physics. 


Planning interpretation and 
correlation with theory of 
reactor and shield nuclear 
experiments. 


Engineering analysis of nu- 
clear propulsion systems. 





" 


Send Complete Resume 
Immediately to Arrange 
Appointment to 
Mr. J. R. Rosselot 
TECHNICAL PERSONNEL 
AIRCRAFT NUCLEAR PROPULSION 


GENERAL @® ELECTRIC 


et 





P.O. Box 132, Cincinnati, Ohio 
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SEARCHLIGHT SECTION 


EMPLOYMENT: 
BUSINESS: 


‘OPPORTUNITIES " 


-EQUIPMENT 
‘USED OR RESALE 


Lucepslional Ofyportunttica 
fee NUCLEAR ENGINEERS 


The Nuclear Power Division of Combustion Engineering has 
attractive openings for MECHANICAL and CHEMICAL engi- 
neers with two to five years’ experience in nuclear reactor design 
and analysis. Experience in nuclear as well as engineering phases 
of reactor design is desirable. The work involves reactor core and 
control systems design and transient analysis and design of re- 


actor systems. 


Combustion, long a leader in the design and manu- 
facture of large steam generators for conventional 


fuels, 


has been engaged in the nuclear field since 


1946. Among its present projects are the building of 
nuclear equipment for the submarine SEA WOLF 
and for the DUQUESNE LIGHT power station— 
the first commercial size nuclear power plant in the 


US. 


The Company’s Nuclear Power Division is undergoing con- 
tinuous expansion, and opportunities for advancement are com- 
mensurate with the large role the Company is planning to play 
in the design and manufacture of complete nuclear power plants 


up to the turbine. 


Replies will be treated confidentially. 
Write or telephone collect for appointment— 


Personnel Department 


Phone: MUrray Hill 9-4600, Ext. 335. 


(COMBUSTION [SNGINEERING, INC. 


200 Madison Ave., New York 16, N.Y. 





REPLIES (Box No.): Address to office nearest you 
NEW YORK: 330 W. 42nd St. (36) 
CHICAGO: 520 N. Michigan Ave. (11) 
SAN FRANCISCO: 68 Post St. (4) 


POSITIONS WANTED 











RADIOCHEMIST. A _ challenging opportunity is 

available at Nuclear Science and Engineering 
Corporation for radiochemist with extensive educa- 
tion and experience in the field. Remuneration in- 
volves salary and stock option. P. O. Box 10901, 
Pittsburgh 36, Pa. 


DO YOU need an EE with these qualifications? 

2-years equipment quality and performance analysis, 
future equipment research in highly spec. electro- 
mech. field incl. radioactive isotopes; 5 languages 
fluently plus 2 languages working knowledge, incl. 
technical terminology and instruction of foreign 
personnel; 9 years experience in sales-engineering- 
installation and management here and abroad. 
Presently with AAAA mfg. Age 34, married, will 
relocate. PW-5942, Nucleonics. 











RADIOCHEMIST-PH.D., 1955. Excellent record. 

Desires position with small company interested in 
industrial applications of radioactivity. PW-5733, 
Nucleonics. 








ADDITIONAL EMPLOYMENT ADVERTISEMENT 
ON OPPOSITE PAGE 











ELECTRONIC ENGINEERS 


Unique opportunity to get in on ground 
floor of young successful company ap- 
plying atomic energy to industrial uses 
(non-government). 

Graduate engineers are needed in two 
major functions: sales and applications 
engineering, and development and design 
engineering. 

Rapid expansion of com _ P = _ 
motion opportunities oan few 
organizations. Only men arth - aca- 
demic and work records who desire and 
are capable of hard work and rapid 
promotion will be considered. 


INDUSTRIAL NUCLEONICS CORP 


A leader in Nuclear Instrumentation and 
Automation Equipment. 








ELECTRONIC ENGINEERS 


Excellent opportunities with expanding Radiation 
Instrument Development Group for recent 
graduates in E.E. or Physics and for engineers 
with 1-5 years circuit experience. Send resume’ 
and salary required to 


TRACERLAB, INC. 


Western Division 
2030 Wright Ave., Richmond 3, California 
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diac crystal detectors for measurin 
alpha particles, neutrons and x-rays. 
tails write for Bulletin No. 11. 


sodium iodide ( 
lead shielding in 


Low background, 
tivity. Crystal or 


active assay. 





WRITE FOR FREE OFFER! 


Try above equipment in your labora- 
tory—no obligation. 





Ree WELL 
Ra a TYPE 
CRYSTAL 
Model LW-2 Shield 


Try This In YOUR Laboratory—See Why This 
Versatile SCINTILLATION COUNTER 





Versatile instrument for research, medical and indus- 
trial use. Accommodates any size, any type of National 


gamma, beta, 
or complete de- 


Attach- 


ment holds versatile scintilla- 
tion counter and 


well-type 


Tl) _ crystal. 


Provides full two inches of 


every direc- 


tion, including below counter. 


high sensi- 
counter in- 


stantly removable. Also avail- 
able are other accessories for 
directional counting or radio- 


Write for Bulletins Nos. 10 & 11 


Valioual Feds INC. 


10 CRAWFORD ST. 
Stocks Available For Immediate Shipment 


mines the strength of a sample 


one of many specialized scintilla- 


MAKES OTHERS 
OBSOLETE! 


When you own and use this 
Scintillation Counter, you are as- 
sured that the equipment is the 
ultimate in dependability. You 
never fear obsolescence because 
it is manufactured by the grow- 
ers of the world’s finest and most 
extensive variety of scintillation 
crystals. Accessories are available 
to fulfill every counting need. 


WELL 

TYPE 

SHIELD 
Hermetically 
sealed, sodium io- 
dide (T1) crystal, s 

134” diameter by 2” thick deter- 





introduced in its well. This is 
tion detectors described in Bul- 


letin No. 10. 





Dept. N-4 
NEWARK 2, N.J. 





























cealed stainless steel 


MULTIPLE SAMPLE PLATE HOLDER 303 

The 12 cavity holder provides protection and a safe means of 
carrying the sample from the laboratory to the counters. Cor- 
rosion-free life is assured, since the plexiglas holder has con- 
hinge pins. The two-diameter, 
plate hole fits both 1 inch and 1% inch plates. An additional 


sample 


tweezer hole, facilitates easy handling of the sample plates. 







DISTRIBUTOR FOR . 
Two inch Lead Shielded Remote Control Boxes « 
proven by 8 years intensive use « 
Radiochemical Glassware 


INQUIRIES INVITED 


THE HAMILTON 


1134 WHITLEY STREET + WHITTIER, CALIFORNIA 


One or 
Designs 
Microchemical and 


Standard Glove Boxes « 









COMPANY 





















RADIARM, JR. Comfortable grip pistol- 
handle assures perfect leverage. Heavy or 
light objects held firm until released by 
your trigger squeeze. Serrated jaw provides 
sure-grip on small items and can be 
locked into fixed positions. Easily decon- 
taminated. Made of 24ST aluminum. 19” 
lone—Wt. 1 Ib. $75.00 F.O.B., N.Y.C. 


REMOTE HANDLING TONGS for 
RADIUM, COBALT -60, RADIOCHEMICALS 


Radiarms Jr. & Sr. provide excellent protec- 
tion and assure safe handling of radioactive 
chemicals, isotopes, radium & Cobalt-60. Radi- 
arms easily handle heavy or light objects in 
any type container—without direct contact. 


DEALER 
Inquiries Invited 









Pe 


RADIARM, SR. features 3 _ inter- 
able jaws. Double ‘“‘scissors’’ jaw 
handles large & small beakers, test 
tubes. “‘Monkey wrench”’’ jaw grips 
large & small objects. Trigger- 
squeeze release. Used by scientists 
in major labs. Made of heavy alu- 
minum. Easily decontaminated, Re- 
spective interchangeable lengths—22”, 


28”, 46”. Complete $175.00 F. O. B., 


THE ATOMIC CENTER, Dept. N-4, 489 Fifth Ave., New York 17, N. Y. N.Y.C 
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changeable shafts and 2 interchange- | 


bolic model. 32 p.—Pickett and 
Eckel, Inc., 1109 S. Fremont Ave., 
Alhambra, Calif. 


Filters for r-f. Catalog FSR reviews 
line of r-f interference-suppression fil- 
ters. Accessories are also shown. 
22 p.—Filtron Co., Flushing, N. Y. 


Power-piping services. Facilities 
and services for the power-piping field 
are described in booklet. 12 p.— 
M. W. Kellogg Co., 225 Broadway, 
New York 7, N. Y. 


Miniature magnetic clutches. Bro- 
chure of miniature magnetic clutches. 
8 p.—Electronic Mfg. Engineers Co., 
2410 Beacon Ave., Seattle 44, Wash. 


Precision resistors. Line of precision 
resistors, from 0.1 ohm to 1,000 meg- 
ohm is described in bulletin L-35.- 

Shallcross Mfg. Co., Collingdale, Pa. 


Air compressors. Folder 1000A 
characterizes line of water-cooled air 
Quincy 
pressor Co., Quincy, IIl. 


compressors. 8 p. Com- 


Surveying equipment. Pamphlet de- 
scribes air- and car-born radioactivity 
surveying equipment.—Tracerlab, 


Inc., 130 High St., Boston 10, Mass. 


Power supply bulletin. Quarterly 
publication on magnetic amplifiers 
and power supplies is available.— 
Perkin Engineering Corp., 345 Kan- 
sas St., El Segundo, Calif. 


Germanium diodes. Catalog gives 
characteristics of glass-encapsulated 
diodes. 8 p.—Hughes 


W. 42nd St., New 


germanium 
Aircraft Co., 11 
York 36, N. Y. 
Water cooled TV lens. 
E.52 describes water-cooled lens for 
2 p.—Radio 
Corp. of America, Camden, N. J. 


Catalog 


industrial TV system. 


Spring-lock washers. Brochure on 
engineering principles of spring-lock 
washers has just been published. 16 
|p.—Spring Washer Institute, 74 
Trinity Pl., New York 6, N. Y. 


i\Servo analyzer. Bulletin 1170, 
| about automatic measuring and plot- 
ting of phase and attenuation charac- 
| teristics, is available. Minneapolis- 
| Honeywell Regulator Co., Wayne and 
Windrim Aves., Philadelphia 44, Pa. 


Oscillographic recorder. Folder 
explains versatile oscillographic re- 
cording systems. 6p.—Sanborn Co., 
195 Massachusetts Ave., Cambridge 
39, Mass. 
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ALDERSON RESEARCH MASTER-SLAVE MANIPULATORS 


Based on Argonne Models & Designs 

A-C motor drive to cant slave end for insertion 

and removal, AC solenoid-operated dual wall roller units 
for rotation and translation of manipulator. 
Human-engineered Lucite handles & finger grips 
Removable tongs 


AVAILABLE ON SIX WEEKS DELIVERY TO YOUR CELL DIMENSIONS 
PRICED COMPETITIVELY 


Alderson Research Laboratories, 10 East 38th St., New York 16,N.Y. 





For Monitoring lonization Chambers 
the Beckman 
MICRO-MICROAMMETER 


A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.” 


Compare these features: 
@ Single knob selects any of 
13 ranges. 
@ 3x 10-7 to 3x 10-13 amp. 


@ Accuracy within 5 per cent 
on any scale. 


@ Less than 2 mv. zero drift 
in 24 hours. 


@ Internal voltage regulation — 
103 to 127 volts. 


@ Regulated 210 volts d.c. supply 
for polarizing ion chambers. 


@ Utilizes any standard 50-mv. 
recorder. 


For more information write for Data File 94-70 


| i; . ‘ 
me Beckman ae 
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McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 








Kollmorgen Optical Corp... 68 


Kruger Instruments, Harold. 96 
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Leighton Laboratories, H.W. 86 
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SCINTILLATION COUNTER bag 
IN MODEL M-10 Lockheed Missile Systems, 
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Long’s College Book Com- 
ER oe 4 See 82 


Magnetic Amplifiers, Inc... 79 
Mallory & Co. Inc., P. R... 77 
Martin Company, Glenn L. 93 


Minneapolis-Honeywell Reg- 
ulator Co., Industrial Div. 
4th Cover 


Molesworth Associates.... 90 





National Lead Company.. 89 
National Radiac, Inc...... 102 


Nuclear Development As- 
guemmies, WE... . 26250. 4 





'| Penberthy Instrument Com- 
| EES eee 100 


Philosophical Library... .. . 85 
Pratt & Whitney Aircraft.. 75 





Radiation Counter Labora- 





EE OE Oe 13 
; || Radiation Detection Com- 
CHECK THESE FEATURES POMY 2... cece ere veneee 82 
AMPLIFIER: Non-overloading with input sensitivity of 1  millivolt Radiation Instrument Com- 
and 3 volt. PD a <<:5 kee <dMenid 96, 99 
DISCRIMINATOR: 0 to 100 volts. Radiation Instrument De- 
a : : velopment Labs........ 104 
MERCURY PULSE GENERATOR: similar to type used in various AEC 
laboratories is self contained. Ray Proof Corp.......... 100 
HIGH VOLTAGE SUPPLY: precision regulated; extremely stable. | Roller-Smith Corporation. . 65 
TIMER: Liebel-Flarsheim preset or elapsed time up to 60 minutes || Searchlight Section. ..100, 101 
with accuracy of .1 second. . lab, | 59 
ODOMETER TIMER and electric reset register available. <> itamuasias --glaltahaaai 
REMOTE COUNT AND RESET operation provided for. | — ee 
PANEL: Royal Blue anodized—no paint to crack or chip; easy to ; : 
dicanthetiiin. || Westinghouse Electric Corp., 
| Atomic Power Div...... 87 
For low level counting, use Mode! 43A Scintillation Counter in t 
M-10 Mercury Shield as illustrated. | — Electrical Instrument 8) 
ER ee 
Other types of shields and directly interchangeable alpha, beta, 
gamma crystals are available. || Where To Buy........... 100 
;EARCHLIGH N 
Eastern Representative: G. G. Leeds Southern Representative: Gamma Se (Classified Eovectiing) 
& Co., 12 Crampton Lane, Great Industries Inc., P. O. Box 1469, H. E. Hilty, Mgr. 
Neck, N. Y. Baton Rouge, Lovisiana EPEAT EU MIU EE an Sebo vdinncescens 100, 101 


This index is published as a convenience 
to the readers. Every care is taken to 
make it accurate, but NUCLEONICS as- 
sumes no responsibility for errors or 
omissions. 


WRITE FOR BULLETIN 


RADIATION INSTRUMENT DEVELOPMENT LABORATORY 











2337 W. 67th Street Chicago 36, Illinois 
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GAMMA RAY ASSAY 


sq NEW 
with ATOMIC’S TWENTY CHANNEL 


SCINTILLATION 
‘SPECTROMETRY SYSTEM 























* 
Procise: 
e 
The remarkable speed of multiple channel design— Twenty 0.5 volt, fixed, adjacent channels 


® Permits SIMULTANEOUS COUNTS to be may be used to divide 60 volt spectrum 
taken in TWENTY graduated, adjacent into 120 parts ; 
energy band levels Each channel has a scale-of-sixteen and 


Reduces routine data-taking time electro-mechanical register — 
Minimizes or eliminates laborious decay Two scales-of-256, with registers, record 


. . . . “ ” “oC ” 
time corrections for short-lived isotopes Total” and “Surplus” count 


Complete : 


Complete equipment instrumentation consists of— : CESIUM SPECTRUM 

Model 810 Bench-type Well Scintillation 

Detector 

@ Well-type Sodium Iodide Thallium Activated crys- 
tal; superior geometry for increased counter 
efficiency 

@ Especially designed for sample counting of gamma 
emitters 

@ Built-in lead shield to reduce background count 








Model 312 Super-Stable Scintillation High 
Voltage Supply 


@ Exceptional stability: high voltage drifts less than 
200 parts/million/day 

@ Regulation 0.01% for line variation from 100 to 
130 volts 

®@ Positive or negative output selected by panel switch 

@ Range: Below 200 volts to over 1400 volts CESIUM SPECTRUM 








CHANNEL NUMBER 











Model 520 Twenty Channel Differential Pulse Graph shows Cesium!37 gomme spectrum 
Height Analyzer taken with Twenty Channel equipment and 
ss, : : Model 810 Scintillation Detector with 11,” 
@ Individual display of count of each 0.5 volt wide x 1” Sodium lodide Crystal. Data recording 
channel ae : , : time, 30 minutes. 

© Rapid initial adjustments and calibration 
@ All channels reset with one push button 

@ Cabinet contains forced air ventilation system For complete details please request Bulletin 520-1 


ATOMIC INSTRUMENT] , wes opraomgernc 
COMPANY] (accu meaner 


84 a tet AVE. CAMBRIDGE 39, MASS. 











Linear Ampliters, Souler, High Vellage Supplies, Scintillation Counters, 
Count Rate Meters, Coincidence and Anticoincidence Instruments, _ 
i Differential Pulse Height analyzers, Accessories. 





et 


For continuous recordin 
radiation level—the Brow, 


10-18 full with 10-" ohm 


corresponding to 
1000 mv. 
lower values 


10 100... 
of 10, 100 and 
millivolt spans o 


Accuracy: approx. 1% of scale for the complete 


Seed: Recorder pon speed of 24, 12, 496 of 2 


Zero drift: not over 0.3 mv per day. 


nose: on 10 mv range, t+ 4% of scale 
(or less). 


HE Brown Electrometer was designed 
{ panned for recording extremely 
low level currents such as those produced 
by ionization chambers. It provides an 
accurate, sensitive way to obtain continu- 
ous, automatic records of currents as small 
as 10-5 ampere. By utilizing the “rate of 
charge’”’” method, the Electrometer can 
measure currents down to 10-'© ampere. 


Superior stability and sensitivity are de- 
signed into the measuring circuit. Zero 
drift does not exceed 0.3 millivolt per day. 
System noise is no more than 44% of the 
scale span on the most sensitive range. A 
selector switch lets you multiply the basic 
range by factors of 10 or 100. Zero adjust- 
ment knob moves the zero input point to 
any desired part of the calibrated range. 


@ REFERENCE DATA: 
Write for instrumentation Data 
Sheet No. 10.0-4a. 


Choice of Models 


The strip chart instrument gives you de- 
tailed records of up to 30 days’ operation. 
If you need less detail and only 24-hour 
charts, the circular chart model fills the 
bill at lower cost. Both models come com- 
plete with preamplifier. Either model can 
do double duty as an annunciator of high 
or low radiation level, when supplied with 
built-in switch units. 

Your local Honeywell sales engineer will 
be glad to discuss how you can apply this 
instrument in your nuclear studies. Call 
him today . . . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, Wayne and Win- 
drim Avenues, Philadelphia 44, Pa. 


Min neEéBaAP OLS 


Honeywell 


BROWN INSTRUMENTS 








vrometer 


H Fouts on Covtiols 


